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ABSTRACT
Traditionally, cider is associated with the taste sensations of bitterness and astringency 
which are caused by phenols and tannins in the apples. Due to the health aspects and taste 
sensations linked with these compounds, cider makers are interested in the polyphenols 
present in apples and ciders. The aim of the following research was to analyse polyphenols 
in apples and monitor changes in the composition due to the processing apples for cider 
production. The organoleptic properties of polyphenols found in cider, were also 
investigated.
A reversed phase HPLC method was devised to detect polyphenols in apples and ciders. 
The classes of polyphenols identified were the dihydrochalcones, fiavan-3-ols, flavonol 
glycosides and hydroxycinnamic acids.
A method was optimised and validated for the extraction of polyphenols from apple 
tissues (peel, flesh, core and seeds). The extracts were quantified by reverse phase HPLC. 
A novel assay to indicate the varying presence of condensed tannins through the apple was 
devised using Porter’s reagents. The highest presence was found in the peel with the 
lowest in the core.
The analytical methods developed were applied to pressed juices, concentrates, pomace 
and throughout the two fermentation processes (alcoholic and malo-lactic). A decrease in 
the polyphenol content was observed during the fermentations. Evidence obtained, 
indicated the polyphenols adhere to the metal vats in which the cider is fermented.
A range of ciders were profiled for their polyphenol content. From the ciders profiled, 
three were analysed by a taste panel to ascertain a relationship between the taste attributes 
and the quantified polyphenols. After statistical analysis (ANOVA), a number of 
conclusions were drawn. Firstly, bitterness could be attributed to both polyphenols 
(catechin, epicatechin and phloridzin) and condensed tannins. Astringency was associated 
only with for the condensed tannins and flavonol glycosides. Significant variation between 
panellists was observed for the taste attributes ‘phenolic’ and ‘dessert apple’.
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CHAPTER ONE
INTRODUCTION
Chapter 1 Introduction
1.1 GENERAL INTRODUCTION
Phenolic compounds are widely present throughout the plant kingdom. Polyphenols have a 
number of functions within the plant such as in the defence, e.g. berries may taste bitter to 
deter the consumption by herbivores. In conjunction with a defensive role, some polyphenols 
give the pigment to the flowers which attract insects for pollination. Phenolic compounds are 
consumed daily by humans (in tea, coffee, chocolate, fruit and vegetables) and there is 
interest in their suggested roles in human health and sensory attributes.
1.2 POLYPHENOLS
Polyphenol or phenolic compounds can be defined as substances which possesses an 
aromatic ring bearing one or more hydroxy substituents including functional derivatives (Ho, 
1992). The nomenclature for plant polyphenols can be misleading. Some compounds are 
given more than one name, there can be a grey area between the boundaries of certain groups 
and, there are a number of phenolic compounds which have yet to be identified. Phenolic 
compounds may be classified into three groups which are: simple phenols and phenolic acids, 
hydroxycinnamic acid derivatives and thirdly the flavonoids including the monomeric units 
of the condensed and some derived tannins.
1.2.1 Simple Phenols and Phenolic Acids
This group of phenolic compounds include mono-hydroxy phenols which have only one 
hydroxyl group, e.g.j^-cresol which is found in several fruits such as raspberries (figure 1.1). 
Also classified within this grouping are the di- and trihydroxy phenols.
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Figure 1.1 Structure of Phenol
Q
1.2.2 Hydroxycinnamic Acid Derivatives
The hydroxycinnamic acid derivatives are almost exclusively derived from, /?-coumaric, 
caffeic and ferulic acids. Hydroxycinnamic acid derivatives occur in a variety of conjugated 
forms the most common being as esters rather than glycosides. The most important 
hydroxycinnamic acid derivatives are the chlorogenic acids which include caffeoylquinic, 
feruloylquinic,/>-coumaroylquinic and dicaffeoylquinic acids. These are one of the principal 
substrates for the enzymatic browning in fruit especially apples and pears (Ho, 1992).
1.2.3 Flavonoids
Flavonoids are a group of phenolics found in plants with the major classes being; 
anthocyanidins, chalcones, flavanols, flavanones, flavones, and flavonols and their associated 
glycosides. This entire group is built upon a basic structure which is a diphenylpropane 
skeleton (Cg-C^-Cg) in which the 3-carbon (C ring) between the phenyl groups is usually 
cyclicised with oxygen (figure 1.2).
Figure 1.2 Skeleton of Flavonoid Structure
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1.2.4 Tannins
Tannins are structurally complex, naturally occurring water soluble secondary metabolites 
with molecular masses in a range of 500 to 3-4,000 Da. These compounds have 12 to 16 
phenolics hydroxyls with 5 to 7 aromatic rings per 1,000 relative molecular mass (Haslam,
1992). There is evidence that some tannins may be as large as 20,000 (Ho, 1992). Tannins 
can be divided into three major groupings; proanthocyanidins, polyesters based on gallic and 
or hexahydroxydiphenic acid and derivatives, and finally complex phenols or derived tannins.
1.2.4.1 Proanthocvanidins
Proanthocyanidins, otherwise known as condensed tannins, flavolans or leucoanthocyanidins 
are found in a variety of food and beverages (fimits, legumes, pulses, beer, cider, red wine). 
Proanthocyanidins are polymers of the flavan unit (figure 1.2) and can be linked 4->8 (C ring 
to A ring) or more rarely 4->6. The B rings are 3’, 4’ or 3’, 4’ 5’ hydroxylated. The 
procyanidins have two hydroxyl groups on the B ring where as the prodelphinidins have 
three. Procyanidins are the most predominant proanthocyanidins and are present in; apples, 
wines. The monomer units for the procyanidins are the flavan-3-ols, catechin and 
epicatechin.
1.2.4.2 Polvesters based on gallic Tor ellagic) acid and derivatives
These tannins are also called hydrolysable tannins and are found in strawberries and 
raspberries. Gallotannins are gallic acid esters of glucose and elligatannins are ellagic acid 
esters of glucose. Gallic acid esters of quinic acid are called tara tannins. Tannic acid is the 
most well known gallotannin and is widely used as a model tannin due to its ready 
availability. However, it is rarely found in foods consumed by humans and therefore is a 
poor analysis model.
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1.2.4.3 Complex phenols or derived tannins
These compounds are flavanol-derived pigments which are produced by enzymatic oxidation, 
coupled oxidation and condensation reactions and are found in red wine, black tea, cider and 
beer. These are larger molecules formed by the transformation of simpler phenols.
1.2.5 Biosynthetic Pathways
The basic chemical unit of proanthocyanidins and related flavan-3-ols is the 15-carbon (C- 
15) flavonoid molecule which arises via the dual biosynthetic pathway involving malonyl- 
CoA and j^-coumaroyl-CoA.
Hydroxyl groups on the A ring arise from acetate units via malonyl-CoA. Malonyl CoA is 
required to form the A ring and is synthesised from acetyl-CoA and HCO3" by acetyl-CoA 
enzyme A: bicarbonate ligase. Hydroxyl groups on the B and C rings arise from the action of 
specific hydroxylases. The Cg-C] unit is formed by the shikimate pathway. Phenylalanine is 
converted to p-coumaric acid (4-hydroxy-cinnamic acid) by phenylalanine ammonia lyase 
(PAL) and cinnamate-4-hydroxylase. By the action of 4-coumarate-CoA ligase the p- 
coumarate is converted to a CoA ester which forms the B and C rings of the flavonoid unit.
There are two stereochemical forms which are commonly found these are; 2,3-trans isomer 
(2R, 35) (+)-catechin and 2,3'-cis isomer (2R, 3R) (-)-epicatechin. Biosynthesis of the 
flavanol monomers is quite well understood whereas conversion to oligomers and polymers 
is less well understood, with only some of the enzymatic reactions unique to 
proanthocyanidins synthesis having been demonstrated in cell free systems (Stafford, 1988).
There is always more emphasis on the more common pathway which produces a 5,7- 
dihydroxy A ring and with the more common 4->8 (rather than 4-^6) linkage between 
flavanol units. Initial steps in the pathway which lead to proanthocyanidins with a 5,7- 
dihydroxy A ring via the first C-15 intermediate (naringenin chalcone) is summarised below:
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a) condensation on 3[C2] units arising from malonyl-CoA with monophenolic phenyl 
propane (C6-C3) unit to form the basic C-15 or C6-C3-C6 flavonoid molecule followed by 
isomerization to produce the C ring to establish the stereochemistry of the B ring at C-2.
b) Hydroxylation of both 3 and 3’ carbon positions and in some cases 5’;
c) the reduction of 3-hydroxyflavone to 3,4-diol followed by bifurcation in the pathway so 
that;
d) some of the 3,4-diol units are reduced to flavan-3-ols whereas others
e) are converted to ‘extension’ units via carbocations or quinone methides culminating in;
f) condensation at C-4 of one or more of the extension units to pre-existing chain or to a 
flavan-3-ol at C-8 that initiates a new chain or terminates polymer growth. It is thought 
that flavan-3-ols initiates rather than terminates a chain during biosynthesis (Stafford, 
1988).
All steps leading to 3,4-diols are shared with the anthocyanin pathway and the only unique 
steps to the synthesis of the flavan-3-ols and proanthocyanidins are the terminal NADPH- 
dependent reduction step(s) and the condensation step(s).
The conversion of flavan-3,4-diols to flavan-3-ols and oligomeric proanthocyanidins as 
described by Stafford (1988) is illustrated below in figure 1.3.
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Figure 1.3 Conversion of Flavan-3.4-diols to Flavan-3-ols and Proanthocvanidins
(cited by Stafford, 1988) I
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1.2.6 Polyphenol Interactions
Polyphenol complexation may be reversible or irreversible and may involve substrates, such 
as proteins, polysaccharides, alkaloids, and anthocyanidins. Substrates may be from either 
within the same organism or extrinsic to that organism. An extrinsic substrate is involved in
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the '^ase of astringency, a characteristic of many food and beverages where polyphenols 
complex with proteins from the saliva (Haslam et al, 1992).
Reversible complexation of polyphenols can be considered as a two stage process. In the first 
stage, polyphenols and the co-substrate are in equilibrium with the soluble complexes. As 
the position of equilibrium changes, the second stage, the soluble complexes may aggregate 
and precipitate from solution. The whole process is usually reversible and under suitable 
conditions precipitated complexes may be redissolved (Figure 1.4). There are a number of 
factors ^hich influence the reversible complexation of polyphenols with the substrate, such as 
molecular size and conformational flexibility, solubility, salt and metal ion effects, and 
hydrophobic effects (Haslam et al, 1992).
Figurel.4 Reversible Polyphenol Complexation
Polyphenol + Substrate + HgO
k i  t  soluble complexes
[Polyphenolln. isubstrateim +H2O
I) Û precipitation
[Polyphenolla. ISubstratelu + HgO
(cited by Haslam e /ûf/, 1992)
Irreversible complexation may occur when polyphenols interact with substrates in which the 
interaction is influenced by external agencies (e.g. O2, metal ions, acid). A covalent bond 
forms between the polyphenol and the substrate or a new product is formed (Figure 1.5). 
Polyphenols are prone to oxidation to give semi-quinone radicals and then ortho-quinones 
which are very reactive intermediates. Irreversible polyphenol complexation reactions are 
common. For example, the enzymatic and non-enzymatic brovming of fruits.
Figure 1.5 Irreversible Polyphenol Complexation
Polyphenol + Substrate + HgO
i  t  soluble complexes
[Polyphenolln • [Substrate^ + HjO 
1^ h i precipitation
New products [Polyphenol*lx. isubstrate*ly + HjO
(cited by Haslam et al, 1992)
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1.2.7 Why Are Polyphenols In Plants?
Polyphenols have a protective role in plants by forming a line of defence against attack from 
pests and diseases. Flavonoids are also used by the plant to attract insects for pollination 
(Harbome & Grayer, 1993).
In blue and red flowers there is a high concentration of anthocyanins. White flowers such as 
apple blossom, do not lack pigment as it may be thought, but contain flavone or flavonol 
glycosides in the epidermal cells of the petal. Due to the compound’s ultraviolet absorbance, 
they can be seen by insects sensitive to this range of the spectrum (Harbome & Grayer,
1993).
Before the use of chemical sprays was common practice plant disease and pests were 
controlled by using plant foliage as a fertiliser. Allowing nature to look after itself was 
another option for plant management. If there was a number of pests attacking a plant, then 
inevitably predators which are higher up the food chain will attack these insects. The use of 
insecticides became an easier option for farmers to manage pests and diseases. However, 
chemical sprays are becoming increasingly unpopular due to their effects on the environment. 
People are returning to the traditional methods to find out what compounds were present in 
the plant fertiliser. Some flavonoids have been isolated as being strong deterrents to insects 
with very little effect to the environment (Harbome & Grayer, 1993).
Many of the cider apples grown today for intensive apple production have been selected due 
to their resistance to many pests and diseases. There are however, variations in susceptibility 
to certain pests and diseases between the cultivars. For example, Vilberie is sensitive to 
mildew and Tremlett’s Bitter is prone to scab (Pudwell & Copas, 1986). Picinelli et al 
(1995) analysed the polyphenol content in the leaves of the apple trees and attempted to link 
this profile with scab resistance. Moderate outbreaks of scab, caused by Venturia inaequalis 
are not detrimental to the tree but may yield fruit which is cracked, misshapen and small and 
which never attain their full size and potential weight. Scab is not a problem in young
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orchards but the disease will increase as the tree canopies meet and create a humid 
environment in which scab thrives (Pudv^ell & Copas, 1986). It was concluded from Picinelli 
et al (1995) that flavanol concentrations were higher in scab resistant varieties compared with 
the susceptible ones. Phloridzin content in the leaves was found to decrease with maturity for 
the majority of resistant apple varieties. Conversely, as the leaf matured in the scab-sensitive 
cultivars an increase in the phloridzin content was found.
Paulin et al (1993) investigated apple blossom susceptibility to fire blight. Fire blight thrives 
in warms days in late spring which is the blossom period of these trees. Another factor 
contributing to the severity of the disease is the susceptibility of some apple cultivars. The 
investigation studied a range of dessert and cider apples and they concluded that cider apples 
were more susceptible to fire blight due to their late blossom period:
1.3 APPLES AND CIDER
Originally in the classification of apples (Malus) they were placed in the same group as pears 
(Pyrus). To date there is no known hybrid between Malus and Pyrus. The incompatibility of 
apple and pear grafting resulted in Philip Miller maintaining the genus Malus in defiance of 
Linnaeus who had classified it in the Pyrus genus. M  domestica is the general name for 
orchard apples which are of hybrid origin. It is thought that the domestic apple evolved from 
various species found wild in Europe and Asia, all of which belong to the Pumilae series 
(Bean, 1973).
The apple is an infamous fruit which aided Newton in the discovery of gravity (there is a 
variety of cider apple called Newton’s). We are also taught that if Eve had not eaten the 
apple then Adam and Eve would not have been exiled from the garden of Eden. An old 
wives tale used to encourage children to eat fruit is still used now ‘an apple a day keeps the 
doctor away’ which may retain some truth.
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Cider is the alcoholic beverage produced when apple juice is fermented and is believed to 
have been drunk when the Romans invaded England 55 BC (Jarvis et al, 1995). Originally, 
cider was produced on farms but this cottage industry has moved to large industrial cider 
plants which produce millions of gallons of this beverage every year.
1.3.1 Polyphenols in Apples
The major phenolics found in apples and subsequently in cider are from the following 
families; chalcones, flavan-3-ols, proanthocyanidins, hydroxycinnamic acids and the flavonol 
glycosides.
1.3.1.1 Chalcones
Derivatives of the dihydrochalcone phloretin are characteristic of apple fruit and juice. The 
major derivative is phloridzin. The phloridzin (figure 1.6) aglycone phloretin are found 
predominantly in the apple seeds (Lu & Foo, 1998). Dihydrochalcone glycosides are also 
present in the peel and skin (Oleszek et al, 1988). Phloridzin is reported to have regulatory 
effects on the growth of apple seedlings (Spanos & Wrolstad, 1992).
Figure 1.6 Structure of Phloridzin
OH
OHHO
Glucose— Ô
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1.3.1.2 Flavan-3-ols
Flavan-3-ols (catechins) have two assymetric carbons (2, 3) and therefore four possible 
isomers. The (+) and (-) catechins have the number 2 and 3 hydrogens in trans configuration 
but they have them in the cis transformation for epicatechins (figure 1.7) (Spanos & 
Wrolstad, 1992). The flavan-3-ols found in apples are predominantly (+)-catechin and (-)- 
epicatechin. These compounds are detected in the peel of the fruit (Amiot et al, 1992). Of 
these two compounds, epicatechin is more prevalent compared with its sterioisomer. (Perez- 
Ilzarbe et al, 1991, Burda et al 1990).
Figure 1.7 Structures of Flavan-3-ols
(+)-Catechin (R=H) 
(+)-G allocatechin (R=OH)
(-)-E picatech in  (R=H) 
(-)-E picgallocatech in  
(R=OH)
OH
1.3.1.3 Proanthocvanidins.
Proanthocyanidins consist of flavan-3-ol monomer units. From the condensed tannins the 
procyanidins are found in apples. The monomer units of procyanidins are epicatechin and 
catechin (table 1.1 and figure 1.8). Epicatechin is the most predominant monomer unit. 
There are a mixed series of catechin and epicatechin procyanidins such as B l, which exists in
11
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small quantities. Lea (1978) stated that cider apples can contain up to the heptamer polymer 
and that a procyanidin tetramer based on epicatechin was detected. Procyanidin B2 is the 
most predominant procyanidin and is detected in the apple peel and flesh (Perez-Ilzarbe et al, 
1991, Burda et al, 1990)
Table 1.1 Some of The Procyanidins Found in Apples With Their Polymerising Units
Procyanidins Polymerising Units
B2 Epicatechin dimer
Bs Epicatechin dimer (4 ^ ©
Bl Catechin and Epicatechin dimer
Cs Epicatechin trimer
Figure 1.8 Some Structures of Procyanidin B Family
B 1 OH
HO
B 2
HO
B 3
HO
■ ■ • O H
( - ) - E p i c a t e c h i n
( + ) - C a t e c h i n
OH
HO
OH Y
OH
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1.3.1.4 Hvdroxvcinnamic Acids
Of the hydoxycinnamic acids, caffeic is the most commonly occurring in fruits (figure 1.9). 
The esters of caffeic acid are most predominant in apples and are referred as chlorogenic acid 
or caffeolyquinic acid. Chlorogenic acid is reputed to be one of the major phenolics in apples 
and is located in the flesh of the fhiit (Perez-Ilzarbe et al, 1991, Amiot et al, 1992).
Figure 1.9 Structures of the Hvdroxvcinnamic Acids
Cinnamics
CH-C
p  - Coumaric acid (R=R-H) 
Caffeic acid (R=OH, R’=H) 
Ferulic acid (R=OCH 3  ^R -H )
HOOC
C-C H
OH
OH
Chlorogenic acid (R=OH) 
p  - Coumaroylqunic acid (R=H)
Bcnzoics
R
COOHHO
p  - Hydroxybenzoic (R=R-H) 
Protocatechuic (R=OH, R -H ) 
Vanillic (R=OMe, R -H )
Gallic (R=R=OH)
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1.3.1.5 Flavonol Glycosides
Flavonol glycosides found in apples are only detected in the apple peel (Perez-Ilzarbe et al, 
1991, Burda et al, 1990). The synthesis of flavonol glycosides depends on light hence they 
are mainly found in the peel. The most commonly occurring flavonol aglycone is quercetin 
(figure 1.10). The glycosides are; rutinoside (rutin), galactoside (hyperin), glucoside 
(isoquercetrin), arabinoside (avicularin), xyloside (reynoutrin) and rhamnoside (quercetrin) 
(Oleszek et al, 1988, Spanos & Wrolstad, 1992). Recent studies on the flavonol content from 
dessert, culinary and cider apples concluded that hyperin, for the majority of dessert and 
culinary apples analysed, was predominant. Only three varieties of cider apples were 
analysed and avicularin was found to predominate (Price et al, 1999).
Processing of apples causes many of the flavonol glycosides to remain in the pomace (van der 
Sluis et al, 1997, Lu & Foo, 1997, Price et al, 199^)
Figure 1.10 Structure of Ouercetin Rutinoside
OH
OH
OH
O—Rutinoside
OH O
1.3.2 Apple Browning
Browning of apples is seen when the fruit is cut or damaged and is perceived as an 
undesirable quality as it affects the flavour and appearance of the product. The discoloration 
of apples is an enzymatic reaction which is the function of polyphenol oxidase (PPO - EC 
1.14.18.1) reacting with phenolic compounds present. Polyphenol oxidase (PPO) is a
14
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membrane-bound enzyme which contains copper and catalyses the hydroxylation of 
monophenols leading to the formation of o-diphenols (cresolase activity) and the oxidation of 
o-dihyroxy compounds to quinones (catecholase activity). These quinones are polymerised 
into brown and yellow pigments (Spanos & Wrolstad, 1992). The PPO isolated by Murata et 
al (1995), found in a variety of apple cultivars, was active primarily around the core of the 
fruit. This corresponds to when you cut an apple you generally observe a higher degree of 
brown discoloration around the core.
Degree of browning is related to both enzyme activity and substrate (phenolics)
concentration. Not all the varieties of apples have the same degree of browning (Coseteng &
Lee, 1987). From eight varieties of apples analysed for degree of browning, five had 
related
browning directiy^to PPO activity, whereas for the remaining three the degree of browning 
was related to phenolic concentration (Coseteng & Lee, 1987). To investigate the findings of 
Coseteng & Lee (1987), Amiot et al (1992) investigated which phenolic compounds were 
susceptible to browning. After bruising 11 cultivars all the phenolics were affected by the 
bruising. The flavonols and dihydrochalcones degraded less than the hydroxcinnamics and 
flavan-3-ols. It was concluded that the degree of browning was mainly dependent on the 
balance of flavan-3-ols/hydroxycinnamics and on the PPO activity. After quantifying various 
phenolics from apple peel and flesh (chlorogenic acid, epicatechin, procyanidins B2 and Cl, 
quercetin and phloretin glycosides), Lee (1992), also investigated the degree of browning for 
each compound, in model systems. All the compounds apart from the flavonol glycosides 
formed a brown pigment.
1.3.2.1 Inhibition of PPO
The most used method to control browning is by the addition of sulphUing agents. These 
agents reduce the formation of polyphenolic polymers which can lead to the ‘o ff flavours in 
certain beverages. The major effect of these compounds on |enzymic browning is the 
reduction of quinones produced by PPO catalysis to less reactive, colourless diphenols, 
thereby preventing non-enzymatic condensations to high molecular weight pigments
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(McEvily et al, 1992a). However, sulphites are now known to cause adverse health effects 
especially in sensitive individuals such as asthmatics.
Several 4-substituted resorcinols inhibit PPO in vitro and have the potential for widespread 
application in the food and beverage industries. These inhibitors can be used on products 
which exhibit problematic browning. Comparing these agents to sulphites it can be seen that 
they are specific and potent inhibitors which can be used at lower concentrations than 
sulphi tes. The 4-substituted resorcinols do not bleach pigments as excess sulphites can and 
these compounds are more chemically stable. Preliminary studies indicate that the 4-hexyl 
resorcinol inhibits browning of fresh and hot-air dried apple (McEvily et al, 1992b).
Some polyphenols also inhibit PPO activity. Studies with flavonol glycosides showed that 
quercetin galactoside decreased the browning rate when it was added to epicatechin and PPO 
(Lee, 1992).
1.3.3 Apple M aturation
Under the best conditions apples would be ripe before they are used as or in a product. 
However when harvesting the fruit it is not always possible to obtain a yield of apples which 
are all at the same stage of maturation. The cider industry has a commercial interest in their 
use of unripe apples, as extra sugar has to purchased and added to the fermentation process to 
counteract the high levels of starch in the unripe apples. Therefore, if the apples were 
harvested at their optimum ripeness then the purchase of sugars would be unnecessary.
An investigation by Donelan (1995 & 1996) analysed a number of cider apples over two 
seasons. Total acidity, starch and total tannins were analysed in these samples. After the two 
year study the starch and acidity levels in the fruit were found to decrease as the apple 
matured. Optimum ripeness was determined by the starch and tannin levels. Starch was at 
its lowest concentration in ripe finit and the tannin concentration decrease a relationship 
which was seen over the two years. Within the same variety of apples analysed, a seasonal
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variation was noted in the tannin levels which may be explained by external factors. Starch 
was concluded to be the most reliable indicator of apple ripeness (Donelan, 1996) which is in 
agreement with the findings of Blanco et al (1992) who also analysed total polyphenol 
concentration and found this to decrease as the fruit reached ripeness. The decrease in 
polyphenols was explained by the conversion of phenolic compounds to smaller compounds 
such as flavanols.
Rather than analysing the change in total polyphenols during the maturation of apples a 
profile of phenolic compounds would provide more information A study on Golden 
Delicious apples (Mayr et al, 1995) investigated the concentrations of a number of phenolic 
compounds during the ripening of the fruit. They found that the concentration of epicatechin 
and procyanidins reached their highest values in the core of the young fruits. However, as the 
fruit matured the peel of the older apples had the highest levels of these compounds. As the 
fhiit ripened the chlorogenic acid content in the skin continually decreased while epicatechin, 
procyanidin B2 and procyanidin Cl were found to increase in concentration until half way 
through maturity when the levels declined until the fruit was harvested (Mayr et al, 1995). 
Burda et al (1990) analysed changes in phenolic compounds in the flesh and skin of three 
apple cultivars during maturation and storage and ascertained similar results to Mayr. 
Epicatechin values in the peel initially increased and then decreased during maturation. Of 
the phenolics analysed, specifically epicatechin and procyanidin B2, their concentration 
decreased in the apple flesh rapidly during the early stages of maturation and then remained 
at the same low level even after the fruits were harvested and placed in cold storage.
As well as analysing the changes in phenolic compounds during apple maturation the PPO 
content has also been researched (Murata et al, 1995, Coseteng & Lee, 1987). PPO activity 
was found to be higher in immature fruit compared with mature fruit. PPO was also 
concluded to be uniformly distributed in the immature fhiit and mature fhiit but the active 
PPO was localised around the core of the mature fruit (Murata et al, 1995).
17
Chapter 1 Introduction
As an alternative to allowing the apple to ripen in its own time, some chemicals can be used 
which either accelerate maturation or slow it down e.g. ethephon or seniphos, respectively 
(Gômes-Cordovés et al, 1996). As different cultivars ripen at varying times throughout the 
season the use of such chemicals would allow the farmer of a mixed crop to harvest the entire 
apple yield at one time, rather than waiting for individual varieties or harvesting an unripe 
crop.
1.3.4 External Factors Affecting Polyphenolic Content of Apples
Weather can also affect the polyphenolic content of fruit. For example when red wines have 
an apparent excess of tannins, the reason is invariably due to the climate. A hot and intense 
summer ripens the grapes and also thickens the skins which are a major source of condensed 
tannins. Belancic et al (1997) investigated the influence of sun exposure on the aromatic 
composition of Chilean Muscat grape cultivars. The grape varieties analysed were divided 
into three groups; fully exposed, semi-shaded and shaded. Shading was achieved by placing 
a cloth around the fruit with a wire support, without touching the berries. It was concluded 
that partially shaded vines provided grapes with the optimum Muscat aroma (Belancic et al, 
1997).
Although little is known about the effect of sun exposure on apples, it can be assumed that 
the fhiit’s position on the tree will affect the polyphenol content which can result in a change 
of the apples organoleptic properties. Thinning of trees can also affect the fruit yield, as trees 
which are not thinned produce smaller fruit, therefore thinned trees produce larger fruit which 
are richer in polyphenols.
1.3.5 Orchards
Traditionally, apple orchards were planted on multiproduct farms e.g. where cattle were 
reared and crops planted. The apples produced were for domestic use. In the 1970’s apple 
production was changed when intensive apple orchards were introduced. These orchards met
18
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the demands of the large cider manufacturers. Both types of orchards are still seen today 
(Williams, 1986). Lea and Beech (1978) reported that there are differences in the products 
from these two types of orchards. Intensive apple orchards have to use a large amount of 
nitrogen fertiliser compared with the traditional methods which have cattle grazing on the 
orchard sward. After applying fertiliser to a proportion of Dabinett trees the following was 
seen; leaves were a darker green, the finit were much browner, the fruit ripen earlier and 
there was less phenolic compounds compared with the unfertilised trees (Lea & Beech,
-to
1978). These factors would have^be considered if the cider makers were interested in a high 
yield of phenol-rich apples.
1.3.6 Harvesting Apples
Cider apples were traditionally hand harvested from the orchard floor after the apples had 
fallen naturally on reaching maturity. To try and standardise this method, at the beginning of 
the century horse drawn harvesters were being used to pick up the apples. The fruit were 
skewered on to steel spikes which were projecting from a large diameter roller and then 
removed by a comb to be collected in a basket. The horse was replaced by a powered motor 
which was operated by someone walking behind the machine. There was considerable finit 
damage with this method, the harvester also failed to pick up smaller apples and movement 
of the machine was very limited. In the last two decades harvesters have improved. The 
basic mechanics may be similar to those used at the beginning of the century but modem 
harvesters are more manoeuvrable and less fruit damage is incurred which gives the farmer a 
more profitable yield (Williams & Copas, 1986).
Another attribute of harvesting which has changed over the years is waiting for the fruit to 
fall when it is ripe. In the large intensive apple orchards it is not possible for a farmer to wait 
until all the apples have fallen so shakers are used. Mechanical shakers are attached around 
the tree which shake it vigorously until the fmit falls, ripe or not. A less aggressive method 
used in smaller orchards are air-blowers Using these devices allows unripe fmit into the 
yield which may affect the flavour and aroma of the cider.
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1.3.7 Milling and Pressing Apples
Before the fruit is pressed it should be free from mould and rots. Commercial cider makers 
tip the harvested apples into channels of clear running water. The fruit is moved to the mill 
by water flumes and this removes grass, leaves, soil and rotten fruit. A grater mill which has 
serrated knives set in the circumference of a drum, rotating against spring loaded metal leaves 
is used in the milling of cider apples. The resulting apple pulp is then pressed to extract the 
juice using hydraulically controlled presses. Apple pulp is pressed twice to attain resulting 
juices referred to as number 1 and number 2. These juices are blended for use in cider 
production and the pomace is either dried for the production of pectin or sold directly for 
cattle feed. Traditional cider makers use slightly different methods but the production of the 
juice is basically the same as for a large scale cider production plant.
1.3.8 Cider Fermentations
The freshly pressed juice may be fermented straight away or, as in most commercial 
operations, it is concentrated and stored for later fermentation to cider, in which case it is 
extensively pasteurised. Traditionally, the fresh juice is stored in wooden vats where the 
juice is left to ferment with the wild yeast present in the apple. The fermentation takes several 
weeks (Grafton, 1995). Commercial cider makers treat the juice with sulphur dioxide to 
inhibit aerobic spoilage organisms such as acetic acid bacteria and the natural yeasts. To 
make cider the apple juice is fermented twice. The first fermentation is the alcoholic 
fermentation and the second is called the malo-lactic fermentation.
1.3.8.1 Alcoholic Fermentation
The alcoholic fermentation is carried out by yeasts which have either been added deliberately 
or which are present in the apple skins. This fermentation converts sugars to ethanol and the 
higher alcohols (fusel alcohols). The process occurs after two weeks and the fermentation 
occurs in stainless steel vats. After the initial fermentation subsides, the cider is left for the 
yeast to settle prior to malo-lactic fermentation.
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1.3.8.2 Malo-lactic Fermentation
After the alcoholic fermentation process is completed the cider is pumped into storage vats 
which traditionally were made from wood, but are now being replaced by stainless steel. 
During the malo-lactic fermentation L(-) malic acid is converted to L(+) lactic acid and 
carbon dioxide by lactic acid bacteria which are present in the apple but are usually added to 
the cider. Malo-lactic fermentation is not fully understood and can not be controlled as well 
as the alcoholic fermentation. There is no fixed time for the maturation of the cider so it is 
often left in the vats until required.
1.3.9 Processing Factors Affecting Phenolic Composition
Although cider apples have a higher concentration of phenolic compounds compared with 
culinary or dessert, cider makers have to use all the varieties of apples available. During the 
process of making cider, it is important to control the reduction of phenolic compounds due 
to their contribution to taste and reputed health benefits. Loss of procyanidins, flavonol and 
phloretin glycosides and the degradation of cinnamic acids were reported in apple 
concentrates stored for 9 months at 25°C (Spanos et al, 1990). Lea and Timberlake (1978) 
identified that there were three main areas where procyanidins were lost during the 
processing of apples. These areas were; oxidation during milling and before pressing, 
incomplete extraction of apple tissue and finally during fining and clarification. It is not 
common practise for fining agents to be used, as the cider is now filtered through a series of 
membranes (Section 6.1.10).
1.3.10 Hazes and Sediments of Ciders
Procyanidins play a role in the formation of haze and sediments in apple juice and cider by 
oxidative and non-oxidative mechanisms. Procyanidins can hydrogen bond with proteins and 
form insoluble complexes. Polymerisation of the proanthocyanidins may lead to the 
formation of large and unstable polymers. These hazes may be dissolved at elevated
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temperatures (60°C). Irreversible complexes may form between the phenolics and protein 
which form insoluble complexes and will not dissolve (Spanos & Wrolstad, 1992). Cider 
makers have tried to combat the problem of haze formation by clarifying the cider with a 
number of methods; physical processes (settling, centrifugation, filtration), biochemically 
with the use of enzymes (pectinases, amylases proteases) and finally chemically by the 
addition of fining agents (Heatherbell, 1984). Removal of haze from juice or cider will 
result in the removal of polyphenols (Lea & Timberlake, 1978).
1.4 ORGANOLEPTIC PROPERTIES OF POLYPHENOLS
1.4.1 Bitterness and Astringenev
The definition of bitterness in the Oxford Dictionary (1985) is ‘to have a sharp pungent taste’ 
whereas astringent is defined as ‘that which causes contraction of body tissue.’ These two 
taste sensations are primarily associated with cider. Although these two qualities found in 
cider have distinct definitions to the untrained palate they are often perceived as the same 
taste (Lea & Arnold, 1978). Bitterness like salt, sour and sweet is a primary taste sensation 
and felt at the back of the tongue. Astringency is a dry and puckering sensation. Astringency 
is believed by many researchers to be the result of tannins binding with, and precipitating 
salivary proteins (mucoproteins) (Bate-Smith, 1954). Breslin et al (1993) have provided 
evidence that astringency is a tactile sensation which is caused by increased friction, 
decreased salivary lubrication, between the oral membranes.
1.4.2 Saliva
The majority of saliva is secreted by the salivary glands of which there are three pairs; 
parotid, submandibular and sublingual glands. The ducts for the parotid gland secrete 
opposite the upper second molar. The secretions of the submandibular and sublingual open 
into two ducts, under the front of the tongue and into the floor of the mouth, by more than
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one duct, respectively. The buccal glands also secrete small amounts of saliva and they are 
small glands which are found in the mucous membrane lining the mouth (Tortora & 
Anagnostakos, 1990). Daily excretions of saliva vary within the range of 1 litre to 1.5 litres. 
Saliva is 99.5% water and 0.5% solutes. The solutes consist of salts such as; chlorides, 
bicarbonates, and phosphates of potassium and sodium. Also present in the solutes are 
dissolved gases, organic substances; urea, uric acid, serum albumin, globin, lysozyme, 
salivary amylase. Each salivary gland supplies different components of saliva (Tortora & 
Anagnostakos, 1990). Of the protein content in saliva 70% of this is attributed to proline-rich 
proteins and glycoproteins (PRP and PRO) (Clifford, 1997).
1.4.3 Proline-rich Proteins
PRP have a high percentage of proline (approximately 25-42% of amino acids in PRP), 
glutamine (glutamic acid) and glycine. These three amino acids account for 70 to 88% of all 
residues in these proteins (Bennick, 1982). PRP can be classified into four groups, acidic, 
basic, glycosylated and low molecular mass.
1.4.3.1 Acidic PRP
Acidic PRP constitute 30% of total salivary proteins, 40% of total PRP. Four proteins from 
human parotid saliva have been isolated and named A, B, C and D. Proteins A and C are 
reputed to be the two major acidic proteins (Bennick, 1982).
1.4.3.2 Basic PRP
Basic PRP make up 23% of total salivary proteins, 30 % of total PRP (Bennick et al, 1982).
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1.4.3.3 Glycosylated PRP
Glycosylated PRP account for 17% of total salivary proteins, 25 % of total PRP (Bennick, 
1982).
1.4.3.4 Low molecular PRP
Phosphopeptides derived from acidic PRP are found in human saliva and are referred to as 
low molecular PRP (Clifford, 1997).
1.4.4 PRP Interactions
The association of salivary PRP and tannin is driven by hydrophobic forces. The 
hydrophobic regions of the receptor and ligand associate so that partially ordered water is 
excluded. Hydrogen bond networks are formed co-operatively and are directed towards the 
prolyl peptide groups from the tannins carbonyl groups. The complex then percipitates, these 
PRP-tannin complexes are irreversible, indicating that they will not resolubilise in excess 
salivary PRP (Haslam et al, 1992).
1.4.5 Factors Modulating Tannin-PRP Precipitation
Tannins differ in their ability to precipitate the different salivary proteins which will lead to 
differing sensations of astringency produced (Clifford, 1997). Tannins which are soluble in 
water are assumed to be poor precipitators. It has been assumed that poorer solubility in 
water gives a greater hydrophobicity which will correspond with a greater potential for 
hydrophobic interaction with a protein. The ellagitannins are poorly water-soluble, but are 
also poor precipitators of protein because of their conformational rigidity relative to the more 
hydrophilic gallotannins. It would therefore seem that subject to being soluble in water, 
conformationally flexible tannins of a higher mass and or having more di/trihydroxyphenyl
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groups per molecule are more able to cross-link are more efficient precipitators and therefore 
more astringent (Clifford, 1997).
1.4.6 Sensory Studies of Bitterness and Astringenev
To date the majority of taste panel analysis for the sensory properties of bitterness and 
astringency has used pure compounds. The procyanidins were linked with bitterness and 
astringency by Lea & Arnold (1978). A chlorogenic acid (5-CQA), epicatechin and catechin 
were also found to be astringents (Naish et al, 1993 and Kallithraka et al, 1997a). This aids 
the understanding of astringency for different phenolics however, phenolics are consumed in 
a mixture such as cider. Recent work has analysed red wine (Kallithraka et al, 1997 a & c,) 
but further work to fully understand the taste sensation of astringency is required.
1.5 HEALTH PROPERTIES ASSOCIATED WITH POLYPHENOLS
There are a number of health properties associated with fiavonoids and a brief review is 
outlined in the following sections. It should be noted that the majority of the work has been 
analysed in vitro and assumptions should not be made as to their affects on humans.
1.5.1 Antiallergic
The polyphenol content of immature apples is known to be higher compared with mature 
apples (Burda et al, 1990 and Murata et al, 1995). As these unwanted apples are a rich 
source of phenolics, Kanda et al, (1998) investigated extracts fi-om these apples for their 
antiallergic properties. From the crude polyphenols extracted, the condensed tannin fraction 
was found to have most potent inhibitory effect on histamine release. This preliminary 
research, used cells from the rats and was analysed in vitro. Further work is required using 
humans.
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1.5.2 Antioxidants
Fiavonoids and cinnamic acid derivatives are antioxidants which have primary antioxidant 
activity. This refers to their ability to work well as free radical acceptors and chain breakers 
in both metal catalysed and uncatalysed systems (Pratt, 1992). The antioxidant activity of 
catechins, rutin, quercetin, catechol is associated with the B ring (Jovanovic et al, 1996). 
Quercetin compared with the glycoside (rutin) has a higher antioxidant activity in apple 
products (van der Sluis et al, 1997).
The antioxidant activity of polyphenols has implications on the development of chronic 
diseases caused by oxidative stress such as cardiac disease (German et al, 1997). Oxidation 
of low density lipoproteins (LDL) referred to as lipid peroxidation leads to heart disease. 
One epidemiological study correlates increased dietary levels of fiavonoids with reduced 
coronary heart disease (Hertog et al, 1992). Dietary intake of quercetin has been inversely 
associated with coronary heart disease (Hollman et al, 1995). Miyake & Shibamoto (1997) 
investigated three fiavonoids (naringin, galangin and rutin) for their antioxidative activity 
using a lipid peroxidation system and found rutin to be the most potent.
The antioxidant potential for red wines was evaluated in relation to their phenolic 
composition. From an in vitro analysis, red wine phenolics were found to be significant 
antioxidants (Simonetti et al, 1997). Research by Teissedre et al (1996) evaluated phenolic 
fractions from wine for their antioxidant activity in inhibiting LDL oxidation, in vitro. The 
most portent inhibitors were catechin, epicatechin, myricetin and procyanidins B2, B8 and 
trimer Cl.
1.5.3 Anticarcinogenic and Antimutagenic Activity
Due to the antioxidant activity of these compounds they have been linked with the inhibition 
of cancer due to the disease being associated with direct oxidative damage (German et al, 
1997). Hydroxylated fiavonoids have been found to: inhibit the metabolic activation of
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carcinogens by modulation of the cytochrome P450 enzymes, inactivate carcinogens, inhibit 
generation of active species by acting as scavengers and reduce the bioavailability of 
carcinogens (Huang & Ferraro, 1992). Quercetin and rutin were examined as modifiers for 
an experimental model of colon cancer in rats. Under conditions of low dietary fat intake, the 
flavonol glycosides were found to suppress the hyperproliferation of colonic epithelial cells 
(Deschner, 1992). Research by Stavric et al, (1992) suggested that certain polyphenols 
(quercetin, ellagic acid and chlorogenic acid) have a protective role in carcinogenesis by 
reducing bioavailability of carcinogens and by interfering with their bio-transformation in the 
liver. Feeding rats a diet supplemented with red wine solids was found to delay tumour onset 
(Clifford era/, 1996).
Antimutagenic properties, like the anticarcingenic properties of polyphenols are also related 
to the antioxidant activity (Osawa, 1992). Plant fiavonoids are reported to inhibit chemical 
mutatgens {in vitro) (Newmark, 1992). Three polyphenols (quercetin, ellagic acid and 
chlorogenic acid) were investigated in vitro for their response to food mutagens using the 
Ames assay. All three polyphenols inhibited the mutagenicity of B(a)P, which is a polycyclic 
aromatic hydrocarbon produced during the processing of foods (Stavric et al, 1992).
1.5.4 Antiulcer Activity
Apples, especially cider apples are rich in procyanidins. Saito et a, (1998) investigated the 
antiulcer activity of procyanidins firom grape seeds on a gastric mucosal lesion in rats. A 
gastric injury was induced into Wistar rats by acidified ethanol. Catechin did not show any 
antiulcer activity so the polymers (procyanidins) were assumed to be the active components. 
Closer investigation identified the protective compounds as procyanidins which were 
tetramers or larger. It was concluded that antiulcer activity increased with increased degree 
of polymerisation of the catechin unit (Saito et al, 1998).
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1.5.5 Inhibition of Sodium Dependent Glucose Transport
The function of the small intestine is to absorb dietary nutrients. However, the diet 
consumed by animals and humans can vary enormously day to day, not only by quantity but 
quality as well and the body must have ways of adapting to this variation. One such 
mechanism which has to adapt is the transport of glucose across the gut.
The sodium-dependent glucose transporter located at the brush border membrane within the 
small intestine can be specifically labelled (and inhibited) with phloridzin, which binds 
covalently to this membrane protein (Philpott et al, 1992). Phloridzin can be used to measure 
glucose transport, as it specifically binds to the transporters, therefore it can be used as a tool 
to investigate factors affecting glucose transport. For example, as a marker for transport site 
density in the small intestine (Ferraris & Diamond, 1986) or investigation of sugar transport 
regulation in chronically diabetic mice (Ferraris et al, 1993). A high carbohydrate diet 
increases the number of glucose transporters to allow the body to adapt to this increase as 
determined using potent binding of phloridzin
A study by Ferraris et al (1992) investigated the effect of diet on glucose transporter site 
density along the intestinal crypt-villus. Using phloridzin as a dietary stimulus, glucose 
binding sites were found along the whole terminal portion of the villus (the villus tip, upper 
villus and mid villus) in the intestine of mice (Ferraris et al, 1992). Minami et al (1993) 
investigated the effect of phloridzin on the intestinal disaccharidase activity and glucose 
absorption in rats. Disaccharidases carry out the terminal steps of carbohydrate digestion and 
produce substrates for sugar transporters. From the study it was concluded that there was an 
increase of jejunal disaccharidase activity and an increase of sodium-dependent glucose 
transporter expression in rats fed a diet containing phloridzin. It was suggested that the 
trigger for these changes might have been due to an increase in the luminal glucose 
concentration close to the apical surface of the enterocytes (Minami et al, 1993).
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It is not only phloridzin which effects glucose transport other phenolic compounds also 
inhibit transport. The effect of dietary phenols on the inhibition of sodium dependent glucose 
uptake in the rat intestine was investigated by Welsch et al (1989). Brush border membrane 
vesicles from the rat small intestine were treated with a number of polyphenols in their native 
and oxidised forms. Oxidation form of the polyphenols did not dramatically affect the 
inhibition of glucose transport. Chlorogenic acid (ImM) was found to have inhibited 80% of 
glucose transport activity. Reductions in activity were observed for other polyphenols such 
as, catechin, ferulic and caffeic acids (Welsch et al, 1989).
1.6 OBJECTIVES OF RESEARCH
The primary aim of the following research is to analyse polyphenols in apples and monitor 
changes in the composition due to the processing apples for cider production. The 
organoleptic properties of polyphenols found in cider, will also be determined.
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Chapter 2 Materials and Methods
2.1 HPLC METHOD DEVELOPMENT
High performance liquid chromatography (HPLC) follows the basic principles of thin layer 
chromatography (TLC). However, due to its better separation of compounds, in many 
laboratories it has replaced TLC. HPLC is one^the primary methods for analysing 
polyphenols. The HPLC procedure is characterised by the use of small particle sizes (down to 
5 pm), narrow bore holes (1-7 mm internal diameter) and high column pressures (up to 600 
atmospheres) to achieve separations in short periods of time, from a few minutes up to a few 
hours. The equipment for the HPLC is usually constructed in stainless steel which need 
special pumps to attain the high pressures applied.
2.1.1 Materials
Acetonitrile (ACN), formic acid, trifluroacetic acid (TFA). ACN and formic acid were 
supplied by Fisher Scientific Ltd, Bishop Meadow Road, Loughborough, Leicestershire, 
L E ll 5RG. TFA from Sigma-Aldrich, Co. Ltd, Fancy Road, Poole, Dorset, BH12 4XA. 
HPLC systems used were Spectra Physics P4000 gradient pump coupled to a AS3000 
autosampler. Detection was by Spectra Physics UV2000. When scanning the Spectra Focus 
rapid scanner was used.
2.1.2 HPLC Columns
Development of a method to analyse tannins and phenolic compounds by HPLC was 
initially a comparison of different columns (figures 2.1—2.3). Three columns with reverse 
phase packaging were selected from the many commercially available using the literature 
supplied by the manufacturers and the expertise within the laboratory. To evaluate the 
performance of the three columns a sample from a ‘typical’ UK cider (cider 1) was analysed. 
The solvent system (table 2.1) used was based on those currently used within the laboratory 
which analyse chlorogenic acids in coffee and flavanols in green tea (Clifford, 1995-personal 
communication).
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Figure 2.1 Cider 1 Analysed on the HIRPB—3790 Column (High Chromé
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Figure 2.2 Cider 1 Analysed on the 30DS Column (Phenomenex)
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Figure 2.3 Cider 1 Analysed on the 30S—2065 Column (High Chrom)
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The performance of the columns were ranked by the number of peaks resolved and with 
minimum peak tailing. Initially, detection at 280 nm was employed as the majority of 
phenols and tannins are detected at this wavelength. To detect the chlorogenic acids 320 nm 
was used and to detect the flavonol glycosides 360 nm was used. The column which was 
found to give the better resolution of the different compounds was a reverse phase C,g (basic) 
column (HIRPB— 3790 (HIRPB—250A), 250 x 4.6 mm).
2.1.3 HPLC Solvent Systems
Having selected a promising column the performance was assessed with two different solvent 
systems in which acetic acid was changed to TFA. This modification was prompted by the 
superior separation of coffee bean chlorogenic acids using TFA (Balyaya personal 
communication). Chromatogram quality was assessed as described in 2.1.2 and the gradient 
was adjusted until the following gradient was achieved (table 2.1 and figure 2.4 and 2.5).
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Time (min) A% B%
0 90 10
20 50 50
25 35 65
30 90 10
35 90 10
Solvent A 0-1% TFA.
Solvent B 65% ACN & 0 1% TFA 
Flow Rate 1 ml/min.
Injection Volume 100 |il 
Detection 280, 320 and 360 nm.
Figure 2.4 Apple Juice
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Figure 2.5 An Example of Bittersweet Cider
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Figure 2.4 is an example of commercial apple juice with figure 2.5 an example of bittersweet 
cider. Peak 1 is 5-CQA, peak 2 is 5-pCQA, peak 3 is a phloretin, peak 4 is phloridzin.
After the initial phase of HPLC method development, a system developed by Dr Santos- 
Buelga (Salamanca, Spain) for the analysis of condensed tannins in fruits was examined. This 
method was developed within an EU-funded project co-ordinated at the University of Surrey 
(Santos-Buelga personal communication). The system is illustrated below (table 2.2).
The system used by Santos-Buelga gave good peak resolution, however the run time was 
lengthy. Optimisation of this method resulted in a system which gave a better resolution of 
tannins and phenolic compounds. Table 2.3 details the refined system which was then used 
for analysis of all samples. Figure 2.6 is an example of typical cider available for consumption 
in the UK. Peak 1 is 5-CQA, peak 2 is 5-pCQA, peak 3 is a phloretin, peak 4 is phloridzin.
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Time (min) A% B%
0 100 0
30 50 50
80 0 100
120 0 100
Solvent A 4-5% Formic Acid.
Solvent B 4-5% Formic Acid :ACN (90:10) 
Flow Rate 1 -Sml/min 
Detection 280 nm.
Column Spherisorb ODS 2 (250 x 4.6 mm)
Table 2.3 Refined HPLC System
Time (min) A% B%
0 100 0
15 75 25
40 50 50
65 0 100
75 0 100
80 100 0
85 100 0
Solvent A 4-5% Formic Acid 
Solvent B 4-5% Formic Acid: ACN (65:35) 
Column Spherisorb ODS 2 (25 cm x 4.6 mm). 
Flow rate 15 ml/min.
Injection Volume 100 pi.
Detection 280, 320 and 360 nm.
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Figure 2.6 An Example of Cider
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Calibration curves were used to quantify the different classes of polyphenols found in apples 
and cider. For the chlorogenic acids a calibration curve of 5-CQA was used (y=173953x 
r^=0.9975). Phloridzin was used for the dihydrochalcones (y=548279x r^=0.9995). Rutin 
was used for the flavonol glycosides (y=316709x r^=0.9993). Catechin (y=46186x r^=0.9993) 
was used to quantify the procyanidins. A calibration curve was also set up for the 
quantification of epicatechin (y=64239x r^=0.9956).
2.2 SIZE EXCLUSION HPLC
The size exclusion HPLC procedure separate; neutral tannins by molecular weight (Powell, 
1994) with the larger molecules eluting first. Negatively charged compounds, however, elute 
more rapidly than their mass would suggest. Compounds such as chloro genic acid have a 
negative charge at neutral pH value and elute at about 10 minutes with a X maximum of 320 
nm despite a mass of only 354 Da.
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2.2.1 Materials
Column supplied by Phenomenex was prepacked with hydrophilic silica material (5 pm 
particle size). The column is referred to as BIOSEP SEC-S2000 (300 x 7.80 mm). Sodium 
dodecyl sulphate (SDS) and sodium azide firom Sigma-Aldrich, Co. Ltd, Fancy Road, Poole, 
Dorset, BH12 4XA.
2.2.2 Method
Solvent Ig SDS and 0.5 g sodium azide litre'\
Flow rate 1 ml/min.
Gradient isocratic for 140 mins.
Detection 280, 320 and 360 nm.
The method used for SEC HPLC was developed by Powell (1994). Sodium azide was used 
in the mobile phase to protect the column from microbial growth. Powell (1994) investigated 
a range of phenolic standards so that a logarithmic relationship between molecular weight 
and retention time could be obtained. The results of which are illustrated below (table 2.4). 
All standards were analysed at 30°C.
Table 2.4 Molecular Weight Standards For SEC HPLC
Standard Retention Time 
(mean)
Molecular Weight 
Actual
Molecular Weight 
Predicted *
Protein 5.7 700, 000
Roburin B 9.2 1,998 1,848
Roburin D 9.15 1,850 1,851
Procyanidin tetramner 22 1,154 1,171
Vescalagin 27 934 980
Procyanidin Dimer 40 578 574
Theaflavin 42 564 616
Epicatechin
a t  t . .  t t
63 290 271
value predicted by regression equation (logMW=3.32 -  0.015(RT -  Vq))
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SEC HPLC was only used in the following research as a qualitative method for profiling 
phenols and tannins.
2.3 COLORIMETRIC ASSAY FOR PRO ANTHOC Y AMPINS
Porter et al (1986) investigated the conversion of proanthocyanidins to anthocyanidins using 
butanol and hydrochloric acid. It was concluded that this reaction occurred by autoxidation 
following acid catalysed-cleavage of the interflavanoid bonds. A number of factors which 
were thought to affect the anthocyanidin yield were investigated by Porter et al (1986). 
Trace impurities of transition metal ions affected the yield of this red pigment. However, 
adding an excess of iron salts (Fe“ )^ to the reaction mixture made the yield consistent. 
Samples are prepared in methanol as increasing the water content reduces the efficiency of 
pigment formation.
This colorimetric assay is easy to use and performed under standardised conditions is precise. 
As far as reported the assay is specific for proanthocyanidins and is not affected^the presence 
of the monomers or other classes of phenols. The yield of pigment depends on the degree of 
polymerisation.
Anthocyanin pigments ‘self-associate’ and do not follow the Beer-Lambert law of
absorbance which is expressed as:
A = scl
Beer-Lambert law states that the absorbance (A) is directly proportionally to the 
concentration (c) and the length of the pathway (1). c is the molar coefficient.
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2.3.1 Materials
Spectrophotometer, Uvikon 860, Kontron Instruments. Ferric ammonium sulphate firom 
Sigma-Aldrich, Co. Ltd, Fancy Road, Poole, Dorset, BH12 4XA. HCl from BDH Laboratory 
Supplies, Poole, Dorset, BH15 ITD. Butan-l-ol from Fisher Scientific Ltd, Bishop Meadow 
Road, Loughborough, Leicestershire, L E ll 5RG. Chemicals were used to make the 
following reagents; 2% ferric ammonium sulphate in 2M HCl and butanol:HC1 (95:5).
2.3.2 Method
Prior to the assay, the samples are preferably in methanol and each sample is prepared in 
duplicate. In a test tube, 6 ml of butanol:HC1 is added to 1 ml of sample followed by 0.2 ml 
of the 2% ferric ammonium sulphate solution. The solutions are mixed thoroughly with a 
vortex and the tubes are then capped. One set of test tubes are kept at room temperature 
while the other is placed in a 95°C water bath. Each set is left for forty minutes and then the 
samples were read spectrophotometrically at 540 nm. True optical density is calculated as 
the difference between the two sets of tubes. The maximum absorbance is 3.000.
2.4 SOLID-LIQUID EXTRACTION OF TANNINS AND PHENOLIC COMPOUNDS 
FROM APPLES
The theory behind the extraction procedure is that the solvent used (in the following analysis 
70% Methanol) penetrates the surface of the apple tissue. The solute dissolves in the solvent 
as the solvent penetrates the solid. In turn the solute in solution diffuses to the surface of the 
solid and diffuses from the surface where it is assumed to be in a saturated solution. 
Provided there is some agitation the solute diffuses rapidly into the bulk solution (where the 
concentration is initially zero), the rate progressively declining as the concentration in the 
bulk increases. Later in the extraction process the surface concentration also declines and the 
extraction equilibrium is reached. It is for this reason that several aliquots of fresh methanol 
are used so that the extraction of the solute is as near to completion as is possible.
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2.4.1 Materials
Soxtec extraction unit. HPLC grade methanol and acetic acid obtained from Fisher Scientific 
Ltd, Bishop Meadow Road, Loughborough, Leicestershire, L E ll 5RG. Carrez reagent A,
21.9 g zinc acetate dihydrate (Sigma-Aldrich, Co. Ltd, Fancy Road, Poole, Dorset, BH12 
4XA) in distilled water containing 3 ml glacial acetic acid made up to 100 ml. Carrez reagent 
B, 10.6 g potassium ferrocyanidin trihydrate (Sigma-Aldrich, Co. Ltd, Fancy Road, Poole, 
Dorset, BH12 4XA) dissolved in 100 ml water. Cellulose thimbles, 26 mm x 60 mm 
(internal diameter x external length) from Whatman International Ltd, Maidstone, Kent, UK.
2.4.2 Extraction Method
The whole apple was weighed. Four apple sections (peel, flesh, core and seeds) were 
separated by knife and in the case of the peel by an apple peeler. The four components were 
weighed, chopped finely and homogenised with a domestic hand blender. Approximately 6 g 
of peel, flesh and core was accurately weighed and placed into the cellulose thimbles. The 
weight of seeds used depended upon the amount of seeds available within the apple.
The cellulose thimble with the apple fraction was attached to the SOXTEC machine. Metal 
beakers containing 30 ml of 70% methanol were placed on a heated block directly below the 
cellulose thimbles. The thimbles were lowered into the solvent which was refluxed through 
the system. After 20 minutes the thimbles were raised, rinsed and the solvent changed. The 
cycle was repeated four times. After each cycle the solvent was combined for the relevant 
apple fraction. The heated methanol extracted the tannins and phenolic compounds. Once 
the extraction was completed the apple extracts were treated with Carrez reagents A and B 
(0.5 ml of each) and made to a final volume of 100 ml, in a volumetric flask with 70% 
methanol. Carrez reagents were added to precipitate out colloidal proteins and 
polysaccharides which would have interfered with HPLC analysis. Extracts were then 
centrifuged in a micro-centrifuge at 800 x g  for ten minutes. The supernatant was then 
analysed by HPLC or frozen for analysis at a later date.
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2.4.3 Validation of SOXTEC Extraction
Prior to embarking on any critical analysis the method was validated to ensure all soluble 
material was extracted. To calculate the efficiency of extraction the four apple components 
were extracted as described previously. After each 20 minute cycle the extracts were kept 
separate rather than bulked together. Five extraction cycles were used instead of four. All 
the extracts for each apple fractions were analysed by RP HPLC (280, 320 and 360 nm). For 
the peel, flesh, core and seeds the peak areas for five peaks at 280 nm were examined. Three 
peaks were also examined at 360 nm for the apple peel.
Obtained from the first cycle the area for any peak examined in any apple fraction, was taken 
as a basis area. The corresponding area obtained in a subsequent cycle was expressed as a 
percentage of this basis area. Generally, the relative concentration decreasefi  ^as the number 
of extracts increasoi. Peaks two and three in the core extract (figure 2.10) had a higher 
concentration after the second cycle compared with the first. However, by the third cycle the 
concentration for both peaks had reduced (Peak 2, 63% and Peak 3, 37%). The reasons for 
this unexpected behaviour was not investigated as an efficient extraction was still achieved 
after four cycles. It was concluded that four cycles were sufficient to extract the majority of 
phenolic material from all the apple fractions (figure 2.7-2.11).
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Figure 2.7 Validation of Peel Extraction 280 nm
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Figure 2.9 Validation of Flesh Extraction 280 nm
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Figure 2.10 Validation of Core Extraction 280 nm
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Figure 2.11 Validation of Seed Extraction 280 nm
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2.4.4 Reproducibility of SOXTEC Extraction Procedure
After the extraetion method was validated it was necessary to test the reproducibihty of the 
SOXTEC machine. As the machine had the capacity to hold six tubes, six samples of apple 
flesh were extracted using the conclusions drawn from vahdation (extracted four times) and 
analysed by RP HPLC. From visual examination of the chromatograms there did not appear 
to be any dramatic differences between the six flesh samples. To confirm this, the peak areas 
of 11 peaks at 280 nm and 4 peaks at 320 nm were compared for all six samples as were the 
total peak areas for both 280 and 320 nm. Peak areas were examined statistically by 
calculating the mean, standard deviation and coefficient of variation Tables 2.5-2.21.
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Six peaks examined had C.V. values below 5% whereas six had values below 10% and only 
two peaks exceeded 10% (table 2.13). A reason for the anomaly in the integration of these 
peak, may be due to fiised peaks which is a problem when analysing polyphenols and tannins. 
It was assumed that the extraction procedure was reproducible.
Table 2.5 Total Peak Areas at 280 nm
No. 1 
(x 10 )^
No. 2 
(x 10®)
No. 3 
(x 10®)
No. 4 
(x 10®)
No. 5 
(x 10®)
No. 6 
(x 10®)
Total 
(x 10®)
Mean 
(x 10®)
Std Dev. C.V%
11.06 10.83 9.73 9.56 9.79 9.17 60.13 10.02 0.75 7.48
Table 2.6 Total Peak Areas at 320 nm
No. 1
(x 10®)
No. 2 
(x 10®)
No. 3 
(X 10®)
No. 4 
(x 10®)
No. 5 
(x 10®)
No. 6 
(x 10®)
Total 
(x 10®)
Mean 
(x 10®)
Std Dev. C.V%
1.11 1.01 0.99 1.10 1.03 1.36 6.60 1.10 0.14 12.39
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Table 2.7 Peak 1 280 nm Table 2.10 Peak 4 280 nm
RT (min) Area
(xlO')
RT (min) Area
(xlO')
Extract 1 11.24 2.4 Extract 1 13.47 3.2
Extract 2 11.14 2.5 Extract 2 13.36 3.2
Extract 3 11.01 2.4 Extract 3 13.23 3.0
Extract 4 11.21 2.3 Extract 4 13.38 3.2
Extract 5 11.06 2.7 Extract 5 13.26 3.3
Extract 6 11.09 2.5 Extract 6 13.27 3.4
Total 14.8 Total 19.3
Mean 11.13 2.47 Mean 13.33 3.22
Std Dev 0.09 0.14 Std Dev 0.09 0.13
C.V (%) 0.80 5.54 C.V (%) 0.68 4.13
Table 2.8 Peak 2 280 nm Table 2.11 Peak 5 280 nm
RT (min) Area RT (min) Area
(xlO") (xlO')
Extract 1 11.82 6.6 Extract 1 13.86 2.8
Extract 2 11.71 6.7 Extract 2 13.74 2.9
Extract 3 11.57 6.3 Extract 3 13.63 2.7
Extract 4 11.75 6.7 Extract 4 13.74 2.9
Extract 5 11.60 6.7 Extract 5 13.62 2.8
Extract 6 11.62 7.0 Extract 6 13.64 2.9
Total 40.0 Total 17.0
Mean 11.68 6.67 Mean 13.71 2.83
Std Dev 0.10 0.23 Std Dev 0.09 0.08
C.V(%) 0.83 3.38 C.V (%) 0.68 2.88
Table 2.9 Peak 3 280 nm Table 2.12 Peak 6 280 nm
RT (min) Area RT (min) Area
(xlO') (xlO')
Extract 1 13.02 3.6 Extract 1 14.15 1.9
Extract 2 12.91 3.6 Extract 2 14.01 1.9
Extract 3 12.78 3.3 Extract 3 13.92 1.9
Extract 4 12.94 3.5 Extract 4 14.02 1.8
Extract 5 12.81 3.6 Extract 5 13.90 1.8
Extract 6 12.82 3.6 Extract 6 13.91 1.9
Total 21.2 Total 11.2
Mean 12.88 3.53 Mean 13.99 1.87
Std Dev 0.09 0.12 Std Dev 0.10 0.05
C.V (%) 0.72 3.43 C.V (%) 0.69 2.77
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Table 2.15 Peak 9 280 nm
RT (min) Area
(xlO")
Extract 1 18.88 2.1
Extract 2 18.70 1.8
Extract 3 18.66 1.7
Extract 4 18.77 1.7
Extract 5 18.65 1.8
Extract 6 18.70 1.7
Total 10.8
Mean 18.73 1.80
Std Dev 0.09 0.15
C.V. (%) 0.46 8.61
Table 2.13 Peak 7 280 nm Table 2.16 Peak 10 280 nm
RT (min) Area RT (min) Area
(xlO') (xlO")
Extract 1 16.74 1.6 Extract 1 19.94 1.0
Extract 2 16.58 1.6 Extract 2 19.82 1.0
Extract 3 16.54 2.3 Extract 3 19.78 0.9
Extract 4 16.60 1.6 Extract 4 19.87 0.8
Extract 5 16.52 2.1 Extract 5 19.78 0.9
Extract 6 16.54 2.0 Extract 6 19.86 0.7
Total 11.2 Total 5.3
Mean 16.59 1.87 Mean 19.84 0.88
Std Dev 0.08 0.31 Std Dev 0.06 0.12
C.V (%) 0.49 16.48 C.V (%) 0.31 13.23
Table 2.14 Peak 8 280 nm Table 2.17 Peak 11 280 nm
RT (min) Area RT (min) Area
(xlO") (xlO')
Extract 1 17.56 2.3 Extract 1 20.65 2.1
Extract 2 17.38 2.2 Extract 2 20.49 1.8
Extract 3 17.31 2.2 Extract 3 20.42 1.8
Extract 4 17.39 2.0 Extract 4 20.51 2.1
Extract 5 17.28 2.2 Extract 5 20.41 *15.2
Extract 6 17.30 2.2 Extract 6 20.46 1.7
Total 13.1 Total 9.5
Mean 17.37 2.18 Mean 20.49 1.90
Std Dev 0.10 0.10 Std Dev 0.09 0.19
C.V (%) 0.59 4.50 C.V (%) 0.43 9.85
* there was an oddity in the integration of 
this peak. This result was omitted.
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Table 2.18 Peak 1 320 nm Table 2.20 Peak 3 320 nm
RT (min) Area RT (min) Area
(xl05 (xlO')
Extract 1 11.24 25.3 Extract 1 18.88 2.9
Extract 2 11.14 25.9 Extract 2 18.70 2.9
Extract 3 11.02 22.5 Extract 3 18.66 2.6
Extract 4 11.21 23.4 Extract 4 18.76 2.7
Extract 5 11.06 28.7 Extract 5 18.65 3.0
Extract 6 11.09 25.8 Extract 6 18.70 2.9
Total 151.6 Total 17.0
Mean 11.13 25.27 Mean 18.73 2.83
Std Dev 0.09 2.17 Std Dev 0.09 0.15
C.V (%) 0.77 8.60 C.V (%) 0.46 5.31
Table 2.19 Peak 2 320 nm Table 2.21 Peak 4 320 nm
RT (min) Area RT<min) Area
(xlO") (xlO")
Extract 1 13.50 3.9 Extract L 19.94 4.1
Extract 2 13.39 4.2 Extract 2 19.82 4.1
Extract 3 13.29 3.8 Extract 3 19.78 3.9
Extract 4 13.42 3.8 Extract 4 19.88 4.0
Extract 5 13.30 4.7 Extract 5 19.78 4.1
Extract 6 13.32 4.3 Extract 6 19.86 4.2
Total 24.7 Total 24.4
Mean 13.37 4.12 Mean 19.84 4.07
Std Dev 0.08 0.35 Std Dev 0.06 0.10
C.V (%) 0.61 8.61 C.V(%) 0.31 2.54
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2.4.5 Validation of SOXTEC Extraction Using Porter’s Method
The solid—liquid extraction procedure had been validated for recovery of soluble materials but 
it was of interest to analyse the remaining apple residue and cellulose thimble to ascertain if 
any compounds, in particular any procyanidins either remained in the apple matrix or had been 
bound to the cellulose thimble. After an extraetion of a Red Delicious apple, Ig of each 
thimble and residue was analysed by the Porter’s assay (figure 2.12).
Figure 2.12 Porter’s Results For Residual Apple Matter and Cellulose Thimble After 
SOXTEC Extraction
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Î
<
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Peel Flesh
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SeedsApple tissue
As can be seen in figure 2.12 there is a presence of condensed tannins in the remaining apple 
matter, with the highest concentration in the previously extracted apple peel. Procyanidins 
can also be detected in the thimble sections but to a lesser degree than the apple residue It can 
therefore be assumed that the thimbles retain very little of the compounds. The presence of 
condensed tannin material in the apple fractions appears to conflict with the results from 
validation of SOXTEC extraction (section 2.4.3) which suggested that all the readily soluble 
compounds had been extracted by the fifth cycle. However, the tannin material which is not
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being extracted may be highly insoluble concluding that all the extractable tannins are 
extracted.
2.5 CONCLUDING COMMENTS
From method development, an RP HPLC system was devised for the analysis of phenols and 
tannins in apples and ciders. Calibration curves were set up for the quantification of these 
phenolic compounds. A solid-liquid extraction procedure was optimised and validated for 
the removal of phenols and tannins from apple tissues.
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Chapter 3 Polyphenols in Apples
3.1 INTRODUCTION
From the objectives outlined in Chapter 1, it was of interest to identify the polyphenols within 
the apple so that cider makers can maximise this source for the compounds of interest. The 
major classes of phenolics found in apples are; the hydroxycinnamic acid derivatives, flavan-3- 
ols their polymers the procyanidins, flavonols and dihydrochalcones and their glycosides.
A reliable solid-liquid extraction procedure was devised in Chapter 2 for the extraction of 
polyphenols from the different sections of the apple (peel, flesh, core and seeds). A RP HPLC 
method was used to analyse the extracts and quantify some phenolic compounds.
3.2 PORTER’S PROFILING
A novel assay using Porter’s colorimetric method (section 2.3.2) was used to profile the 
presence of condensed tannins from slices of apple, using a similar principle for estimating the 
presence of starch with iodine in potatoes.
3.2.1 Method
Using a kitchen sheer to standardise the thickness of apple shced (5 mm) the apples were cut 
verticaUy. A cork borer (4 mm) was used to remove samples of apple tissue. Bores were 
made every 3 mm, with samples taken from the peel, flesh and core (figure 3.1). The seeds 
were not analysed. Onee removed, the samples were treated with the Porter’s reagents 
(section 2.3.2).
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Figure 3.1 Porter’s Profiling Of Apples
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3.2.2 Results
Using the Porter’s profiling method a number of apples have been analysed. Initially dessert 
apples were profiled (figure 3.2 and 3.3). The presence of procyanidins varied throughout the 
apple but the highest content was observed in the peel. Comparing the profiles of the Red 
Delicious and Coxs apples, differences were seen in the presence of the procyanidins.
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Figure 3.2 Red Delicious
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Figure 3.3 Cox’s
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From figure 3.3 a difference of almost 50% can be observed between the peel samples. When 
sampling the Cox’s apple the skin was noted to be red and green. The peel extract taken from 
the green side of the apple had the highest content of procyanidins. The red pigmented side of 
the apple would contain more cyanidins which are not detected in the Porter’s assay.
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Profiles were taken from both dessert and cider apples. The apples compared were of similar 
weight, shape and colour (green). The cider apple had the highest presence of condensed 
tannins (figure 3.4).
Figure 3.4 Comparison of Dessert and Cider Apple
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Analysis of variations within cultivars was initially researched with Granny Smith Apples. 
Shoes were taken from two apples which were of the same weight and shape. Figure 3.5 
illustrates the differences observed within the cultivar. For shoe A the condensed tannins were 
of a similar content in the peel and this presence decreased as the sampling continued into the 
fruit. One of the core samples did have a similar presence as the peel. Slice B had a higher 
amount of procyanidins in the peel compared with slice A. An overaU trend for procyanidins 
to decrease as sampling neared the core was observed for both shoes of the apples. Flowever, 
differences were noted within the variety.
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Figure 3.5 Comparison of Slices for Granny Smith Apples
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Further investigation of the intra-variatal differences of cultivars and differences between 
cultivars were studied with cider apples. Five cider apple cultivars were analysed with a 
minimum of six shoes for each variety. For experimental control two shoes were taken from 
the same apple. The cultivars analysed were; Chisel Jersey, Ashton Bitter, Michelin, Vilberie 
and Brown Snout.
The fohowing cultivars; Chisel Jersey, Ashton Bitter and Michelin (figures 3.6-3.8) were 
compared as each variety had the same number of tissue components removed. Chisel Jersey 
is a medium to large apple with red and green coloured peel. Ashton Bitter, also a medium to 
large sized apple has predominantly red pigmentation with some green. Michelin is a medium 
sized apple with primarily a green peel. Of these three bittersweet varieties Ashton Bitter had 
the highest presence of procyanidins with Michelin having the least. All three cultivars have 
the same trend for the condensed tannins with the highest content seen in the peel and the 
least in the core. Absorbance values for the Ashton Bitter core samples, were higher than the 
peel sample for Michelin, indicating that in the Ashton Bitter variety there is continual 
presence of condensed tannins throughout the apple.
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Variation within varieties was observed for these three cultivars. Ashton Bitter expressed the 
largest degree of variation within the peel indicating that the procyanidins are not evenly 
distributed through the apple peel.
Figure 3.6 Chisel Jersey
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Figure 3.8 Michelin
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The second set of cider cultivars to be compared were Brown Snout and Vilberie. Brown 
Snout is a small to medium sized apple with red and green coloured skin. Vilberie is also a 
small to medium sized fruit with a green and red coloured skin. Vilberie had a higher content 
of procyanidins in the peel but a continual presence was observed through the apple. Both 
histograms (figures 3.9 and 3.10) follow the same trend observed for the presence of 
condensed tannins in the fimit, which is the highest content in the peel with the lowest found in 
the core. Intra-variatal differences were observed, with the largest variation in the peel.
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Figure 3.9 Vilberie
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Figure 3.10 Brown Snout
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3.2.3 Discussion
The results from the Porter’s profile correlate with the literature in that the procyanidins are 
found in a higher content in the apple peel (Burda et al, 1990, Perez-Ilzarbe et al, 1991 and 
Lister et al, 1994). Variations in the content of the peel from the same apple indicate that 
distribution of these compounds is not uniform. Flavonoids are reputed to be in the peel to 
protect DNA from UV induced damage (Koostra, 1994). From this hypothesis, it can be 
assumed that if part of the finit is in the sun there will be a higher concentration of 
procyanidins in this part of the finit, leading to uneven distribution of procyanidins in the finit. 
From the results it was concluded that cider apples have a continual presence of procyanidins 
throughout the finit which was not observed in dessert apples.
3.3 EXTRACTION OF POLYPHENOLS FROM APPLES
3.3.1 Identification of Polyphenols
Using the extraction procedure as described in section 2.4.2 a number of apples were analysed 
for their polyphenol content. Initially samples of apples were analysed to determine the 
varying phenolic profile within the apple. Using standards and the UV spectra of peaks 
eluting compounds were identified. Figures 3.10-3.14 highlight the different phenolic 
compounds found in different apple tissues; peel, flesh, core and seeds.
The numbered peaks from the chromatogram of the apple peel (figure 3.10) represent the 
following compounds; peak 1 (absorbing at 280 nm) catechin, peak 2 (absorbing at 320 nm) 
5-CQA, peak 3 is epicatechin, peaks 4-6, 8 and 9 (all absorbing at 360 nm) are fiavonol 
glycosides with peak 7 identified as phloridzin.
The majority of the phenolic compounds were found in the apple peel. Apple fiesh (figure 
3.11) contained predominantly 5-CQA. Phloridzin is observed in all the apple tissues but 
predominantly in the seeds (figure 3.12). The fiavonol glycosides were only found in the 
apple peel.
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Figure 3.10 Dabinet Peel
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Figure 3.12 Dabinet Core
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3.3.2 Variation of Polyphenols
Apples were supplied by H.P. Bulmer Ltd for analysis. It was clear from the analysis that 
many of the apples did not yield the polyphenols as expected due to the browning of the 
tissue. Concentration of the compounds were calculated using the calibration curves as 
described in 2.1.3.
The following tables (3.1—3.3) highlight the phenolic composition from apples analysed. As 
observed in 3.3.1the majority of phenolic compounds are found in the apple peel. The intra­
varietal differences are shown in table 3.3. The largest degree of variation in observed with 
the chlorogenic acid (5-CQA).
Table 3.1 Phenolic Compostion of Chisel Jersey
Compound Peel 
g/100 ml
Flesh 
g/100 ml
Core 
g/100 ml
Seeds 
g/100 ml
5-CQA 2.92 10.02 9.4 NA
Epicatechin 1.24 0.34 0.24 NA
Catechin 1.54 0.59 0.30 NA
Phloridzin 0.46 0.20 5.80 9.30
E.G. 0.97 NA NA NA
NA refers to no available data as the fiavonol glycosides found in the flesh, core or seeds of 
the apples.
Table 3.2 Phenolic Composition of Michellin
Compound Peel 
g/100 ml
Flesh 
g/100 ml
Core 
g/100 ml
Seeds 
g/100 ml
5-CQA 1.33 0.21 0.22 NA
Epicatechin 0.06 0.17 0.21 NA
Catechin 0.03 0.02 0.02 NA
Phloridzin 0.50 0.20 0.80 .0.30
E.G. 0.03 NA NA NA
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Table 3.3 Variation of Polyphenol Composition Within Dabinet
Compound Apple 1 Apple 2 Apple 3 Apple 4 Apple 5 
(g/100 ml) (g/100 ml) (g/100 ml) (g/100 ml) (g/100 ml)
Mean Std Dev
5-CQA 15.57 1.38 0.49 1.51 1.43 4.08 6.431
Epicatechin 2.06 0.49 0.13 0.47 2.57 1.14 1.09
Catechin 1.63 0.92 0.77 1.48 1.53 1.26 039
Phloridzin 1.18 1.23 1.17 1.19 1.01 1.16 0.08
F.G. 2.39 5.44 1.77 3.75 2.97 3.26 1.4;
3.3.3Discussion
Identification of polyphenols in the different apple components correlated with the hterature. 
Five fiavonol glycosides were observed in the apple peel, as was phloridzin (Oleszek et al, 
1988). Epicatechin and catechin were both observed in the peel but neither was found to 
dominate which disagrees with the findings of Burda et al (1990). Chlorogenic acid was 
found in the peel, fiesh and core which correlates with the findings of Perez-Ilzarbe et al, 
(1991) and Amiot et al (1992). Phloridzin was the only polyphenol found in the apple seeds 
(Lu& Fu, 1997).
The cider apples analysed did not give accurate results due to many of the fimit being 
damaged. Browning of the finit affects the phenolic composition of the finit, in particular the 
chlorogenic acids and fiavan-3-ols (Amiot et al, 1992).
3.4 CONCLUDING COMMENTS
Analysis of the polyphenols in apples correlated with the findings in the hterature. The 
polyphenol content was found to vary between varieties and within varieties. This variation 
can be attributed to a number of factors. For example, finit position on the tree, the weather 
and the amount of finit on the tree are ah factors which cause changes in the polyphenol 
composition.
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Chapter 4 Chames in Polyphenol Composition Durim  The Cider Makins Process
4.1 INTRODUCTION
Phenolic compounds and condensed tannins have been identified in the apple. Therefore, it 
is necessary to analyse these compounds once the apples have arrived at the industrial cider 
making plants. The polyphenol composition will be analysed from the start of the cider 
making process with the pressed juices, continue through the two fermentation processes and 
end with the preparation of the cider for consumption.
4.2 NUMBER 1 AND 2 JUICES
At the cider making plant the apples are placed into a pit containing water. There are 
channels in the pit which move the apples to the mill. As the fruit are moving along in the 
water they are cleaned and unwanted debris such as twigs, are removed. The apples are 
milled and the resulting pulp is pressed to extract the juice. Milling and pressing can vary 
from one cider plant to another but the end results are similar. Apple pulp is pressed twice 
and the resulting juices, referred to as number 1 and 2 are blended for use in cider production. 
Degree of blending depends on the cider required and the apples which are being pressed. 
The remaining apple pulp is called pomace which is then dried and used for the production of 
pectin or sold for cattle feed.
Number 1 and 2 juices from bittersweet apples were supplied by H.P. Bulmer Ltd and 
analysed by RP-HPLC, SEC-HPLC and by Porter’s reagents (sections 2.1.3, 2.2.2 and 2.3.2). 
The first pressing of the apples extracted more polyphenols compared with the second (table 
4.1). For example, very little 5-CQA is extracted from the second pressing. The 
chromatograms illustrate these differences (figures 4,1-4.4).
Table 4.1 Polyphenol Composition of No. 1 and 2 Juices
Juice 5-CQA 5-pCQA Catechin Epicatechin F.G. Phloridzin Phloretin Porter’s
pg/ml pg/ml pg/ml pg/ml pg/ml fig/ml pg/ml
No. 1 376.16 144.34 25.33 49.56 1.03 13.02 4.90 0.678
No. 2 13.45 4.28 5.86 7.04 0.73 1.64 0.77 0.186
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Figure 4.1 No.l Juice RP HPLC
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Figure 4.3 No. 1 Juice SEC HPLC
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4.3 APPLE POMACE
Pomace is often regarded as a waste product in the cider making industry, it can be profitable 
in that it is sold as cattle feed or used in pectin production. It was of interest to analyse the 
polyphenol content of pomace to ascertain whether or not pomace could be used as a source 
of polyphenols. Samples of bittersweet and culinary pomace were supplied by H.P. Bulmer. 
The pomace was extracted for polyphenols using SOXTEC extraction unit (section 2.4.2). 
The samples were then analysed by RP and SEC HPLC (sections 2.1.3 and 2.2.2) and treated 
with the Porters reagents for the presence of condensed tannins (section 2.3.2).
The Porter’s results from the bittersweet (0.268 Absorbance 540 nm) and culinary (0.165 
Absorbance 540 nm) pomace suggest that some of the procyanidins are not extracted from 
the milled apples. From the chromatograms (figures 4 .5^.8) there are no visual differences 
between the polyphenol composition. SEC HPLC (figures 4.5 and 4.6) suggest that large 
phenolic compounds remain in the pomace by the large peaks eluting in the first 20 minutes. 
From the RP HPLC (figure 4.7 and 4.8) the peaks between 35-45 minutes, absorbing at 360 
nm are the fiavonol glycosides. The extracts of pomace indicate that the fiavonol glycosides 
are not extracted from the apples when they are milled. This is reinforced by the results from 
the polyphenol composition of the pressed juices (section 4.3). These results correlate with 
the findings in the literature (Price et al 1999, and Lu & Foo, 1997).
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Figure 4.5 Bittersweet Pomace SEC HPLC
0.50
0.39
sc
o
00(S
JO<
0.28
0.17
0.06
-0.05
0 20 40 60 80 100 120 140
Retention Time (min)
Figure 4.6 Culinary Pomace SEC HPLC
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Figure 4.7 Bittersweet Pomace RP HPLC
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4.4 APPLE CONCENTRATES
Apple concentrates are now being used in the production of cider as the demand for cider is 
greater than the juice available. Pressed apple juice is concentrated down by heating. Apple 
juice concentrate can be used in place of apple juice or blended with it depending upon the 
cider which is required.
Samples of concentrates were supplied by H.P. Bulmer Ltd and were analysed by RP HPLC 
(sections 2.1.3). Prior to analysis the concentrates were diluted to 11.5° Brix as that is the 
standard concentration used to make cider. Samples of a bittersweet No.l juice and the 
resultant concentrate (80% No.l juice and 20 % No.2 juice) were analysed. The phenolic 
profile for both samples were distinctly- v different (figure 4.9 and 4.10). Peak A seen in the 
concentrate is not observed in the juice. From the peaks highlighted, there are a higher 
concentration of phenolics observed in the concentrate compared with the juice. Peaks B, C 
(catechin), E, F (epicatechin), G (phloretin) and H (phloridzin) are all higher in the 
concentrate. Peak D (5-CQA) is of an equivalent concentration. The differences in the 
samples maybe attributed to the heating which will cause transformations of the polyphenols.
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Figure 4.9 Bittersweet Concentrate RP HPLC
Figure 4.10 Bittersweet No. 1 Juice
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To utilse the polyphenols remaining in apple pomace, and to maximise the use of this product 
H.P. Bulmer Ltd (D. Chakin) used pectolytic enzymes to extract the polyphenols from the 
pomace. The resultant extract was analysed by RP HPLC (figure 4.11). The fiavonol 
glycosides were extracted from the pomace (Peak G) which is not observed when the apples 
are milled. Peak A and B are possible condensed tannins due to correlation with standards 
analysed on the RP HPLC system. Peak C is 5-CQA and D is p-5-CQA identifications were 
made after analysing standards and coffee samples which are a rich source of chlorogenic 
acids. Peaks E and F are the dihydrochalocones phloretin and the glycoside phloridzin.
Figure 4.11 Pomace Extract Concentrate RP HPLC
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The results from the enzyme extraction of pomace indicate that this concentrate is a rich 
source of phenolics. However, it should be noted that using enzymes to extract pomace may 
not be commercially viable.
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4.5 FERMENTATIONS
Ciders undergo two fermentation processes which are referred to as the alcoholic and malo- 
lactic fermentations. Alcoholic fermentation can take about 18 to 21 days or until the sugar 
has been exhausted. Malo-lactic fermentation is longer and can take three to six weeks. 
Initial analysis of fermentations focused on the alcoholic process.
4.5.1 Fermentation—Pilot Study
Initially, changes in the polyphenol profile during the alcoholic fermentation were 
investigated. At H.P. Bulmer Ltd two distinct cider blends were sampled. Blend 1 was 
100% culinary concentrate whereas blend 2 was made from 20% bittersweet with 80% 
culinary concentrate. The specific gravity (S.G.) of each sample was calculated using a 
Kyoto five figure densitometre. S.G. is used as an indicator that all the sugar has been 
converted to alcohol, during the fermentation the S.G. decreases. When the fermentation is 
complete the values remain constant.
The samples collected were analysed by RP HPLC and with Porter’s reagents (sections 2.1.3 
and 2.3.2). For each chromatogram the total peak area was calculated at 280 nm which is the 
X maximum for condensed tannins. Other phenolic compounds absorb at 280 nm. 
Phloridzin also absorbs maximally at 280 nm. Compounds such as the hydroxycinnamic acid 
also absorb at 280 nm, however not maximally.
Analytical data from the two cider blends (tables 4.2 and 4.3) indicate that as the cider nears 
the end of the fermentation, which is indicated by the decrease in specific gravity (S.G.), the 
peak area at 280 nm reduces in conjuction with the decrease in the Porter’s absorbency.
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Table 4.2 Cider Blend 1 (100% Culinary)
Specific Gravity Porter’s Abs. (540 nm) Total Peak Area 280 nm (xlO*)
1.0702 0.480 4.30
1.0245 0.260 4.35
1.0156 0.330 3.53
1.0098 0.210 3.43
1.0058 0.314 3.55
1.0037 0.185 3.27
1.0029 0.118 3.49
1.0024 0.130 3.18
1.0024 0.090 3.13
Table 4.3 Cider Blend 2 (20% Bittersweet 80% Culinary Concentrated
Specific Gravity Porter’s Abs. (540 nm) Total Peak Area 280 nm (xlO*)
1.0750 1.482 14.13
1.0443 1.419 15.06
1.0123 0.684 14.35
1.0049 0.419 14.08
1.0008 0.651 14.11
0.9986 0.402 13.07
0.9990 0.369 13.60
0.9998 0.379 13.28
0.9980 0.381 12.21
Both blends are very distinct in their polyphenol content which can be observed by the large 
difference between the 280 nm peak area. Blend 2 has a higher content of condensed tannins 
which is represented by the Porter’s results (figure 4.12). The difference between the two 
blends polyphenol content can be attributed to the 20% bittersweet concentrate which is 
present in blend 2.
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Figure 4,12 Comparison of Biends Treated with Porter’s Reagents
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A range of chromatograms from the start, middle and end of fermentation for the two cider 
blends are represented by figures 4.13^.18.
Figure 4.13 Blend 1 (S.G. 1.0702) RP HPLC
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Figure 4.14 Blend 1 (S.G. 1.0058  ^RP HPLC
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Figure 4.15 Blend 1 (S.G. 1.0024) RP HPLC
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There are a number of visible changes in the polyphenolic profile of Blend 1 which occur 
during the alcoholic fermentation. All figures (4.13-4.15) have an area marked A which at 
the start of the fermentation has some defined peaks. As the process proceeds this area 
becomes less resolved. Peak B (figure 4.13) is seen at the start of the fermentation, at quite a 
high concentration. However, by the middle of the fermentation this peak has disappeared. 
Peak C, on the other hand is possibly present at the start of the process nevertheless by the 
middle stages it is well resolved and in quite a high concentration. By the end of the 
fermentation peak C decreases in concentration but it is still present.
Figure 4.16 Blend 2 (S.G. 1.0750) RP HPLC
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Figure 4.17 Blend 2 (S.G. 1.008) RP HPLC
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Figure 4.18 Blend 2 (S.G. 0.9980) RP HPLC
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There are a number of similarities observed between the two blends. From the 
chromatograms (4.16-4.18) blend 2 also has the peak range marked A where a number of 
changes occur during the fermentation process. At the beginning at least three peaks are 
seen, although not clearly resolved. As the process continues these peaks become less 
resolved. Peak B, as with Blend 1 appears at the start but disappears as the process 
continues. Peak C is mainly observed from the middle of the fermentation to the end and 
unlike Blend 1 there is a less dramatic change between the middle and end of fermentation 
for the concentration of the peak.
Initial findings from the alcoholic fermentation indicated that there were changes in the 
polyphenolic profile. The question arose regarding the decreased content of the condensed 
tannins. Loss could be due to the compounds being absorbed by the yeast, the larger 
compounds being degraded or the compounds could adhere to the surface of the stainless 
steel fermentation vessels. A fermentation process was devised to try address the problem of 
tannin loss.
4.5.2 Fermentation—Main Study
Due to the findings from the first fermentation analysis (4.5.1) a second fermentation was 
devised monitoring the polyphenol content throughout both fermentations (alcoholic and 
malo-lactic). To investigate the loss of the phenolic compounds, it was decided to analyse 
the apple juice used for the fermentation through the alcoholic process to the end of the malo- 
lactic fermentation. Two types of apple juice were supplied by H.P. Bulmer Ltd. One of 
which was low in condensed tannins (culinary) while the second was a rich source of the 
compounds (bittersweet).
4.5.2.1 Materials & Method
The preparation of apple juices for fermentation was performed by Tim Baker and the 
fermentation process was supervised by Dr. Adams (University of Surrey).
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Aseptically weighed out, with a flame sterilised spatula l.Og of dried starter yeast, supplied 
by (H.P. Bulmer Ltd) into 100 ml of autoclaved 2 % sucrose solution Incubated at 37°C in a 
waterbath for 30 minutes and mixed by gentle swirling every 5 minutes.
In a sterile air flow cabinet using a sterile measuring cylinder. 800 ml of juice was measured 
and poured into a sterile duran bottle. This procedure was repeated until there was three 
bottles for each juice. Aseptically, 800 pi of filter sterilised di ammonium phosphate and 80 
pi 500 pi of 500 pg/ml of thiamine was added to each bottle. The pitching yeast was then 
added (8 ml). Small 1 cm strips of stainless steel were placed at the bottom of the vessel with 
strips of metal suspended in the juice secured with cotton threads. Fermentation locks were 
added and the juices were incubated at 25°C and the bottles were not moved.
When the ciders had completed the alcoholic fermentation they were moved to an incubator 
at 4°C for 24 hours to ‘rack o ff. The supernatant was then aseptically siphoned into sterile 
duran bottles which were then moved to room temperature prior to inoculation for the malo- 
lactic fermentation. Lactobacillus lactis was used for the inoculation of the malo-lactic 
fermentation.
Samples were taken from the top and bottom of the ciders with sterilised pipettes. When 
sampling, the airlock was removed from the bottle and CO2 was bubbled into the duran.
4.5.2.2 Results
Photographs were taken of the two fermentation processes (figure 4.19). From the alcoholic 
fermentation (top picture) the suspended metal can clearly be seen.
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Figure 4.19 Photographs of The Alcoholic and Malo-lactic Fermentations
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The S.G. for the fermentations are illustrated in tables 4.4 and 4.5.
Table 4.4 Specific Gravity for Alcoholic Fermentation
Sample Bittersweet (g/cm^) Culinary (g/cm^)
Pre Fermentation 0.971 0.830
1 1.010 1.002
2 0.996 0.997
3 0.995 0.997
4 0.993 0.997
5 0.995 0.996
6 0.995 0.996
Table 4.5 Specific Gravity for Malo-Lactic Fermentation
Sample Bittersweet (g/cm^) Culinary (g/cm^)
1 0.996 0.997
2 0.997 0.997
3 0.997 1.000
4 1.000 1.002
5 1.001 1.003
6 1.000 1.003
It was noted during the fermentation that a growth had formed on the surface of the cider. 
This layer had a waxy consistency and a potent smell was emitted from the ciders. At the 
end of the malo-lactic fermentation, when the malic acid is converted to lactic acid, the six 
ciders were sent to H.P. Bulmer Ltd for analysis of organic acids (table 4.6).
Table 4.6 Organic Acid Results for The Ciders
Sample Malic
(mg/1)
Lactic (mg/1) Acetic (mg/1) Succinic
(mg/1)
B 1 150 545 30,760 0
B2 121 519 26,170 0
B3 140 374 32,080 0
C 1 0 127 31,020 0
C2 0 363 30,550 0
C3 0 189 32,180 0
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The high values of acetic acid (table 4.6) is representative of acetobacter contamination 
which would indicate that the cider had turned into vinegar. Any changes in the phenolic 
compounds occurring in this fermentation process may not be a true representation of 
compositional changes from a cider under normal fermentation conditions. Therefore, the 
phenolic composition will not be reported. To prevent contamination of ciders the juices 
should be pasteruised or treated with SOj.
4.5.3 Malo-Lactic Fermentation
The malo-lactic fermentation is complete when malic acid is converted to lactic acid. This 
fermentation, unlike the alcoholic fermentation can take three weeks to three months. The 
cider is generally left in the maturation vessels until the cider is required. Since it was of 
interest to study the malo-lactic fermentation, as the samples from the previous study could 
not be used, samples were supplied from John Hosack at H.P. Bulmer Ltd. All samples were 
analysed by RP HPLC, duplicate injections (section 2.13) and treated with Porter’s reagents 
(section 2.2.2) for the presence of condensed tannins. The following compounds were 
quantified from the samples of cider; total flavonol glycosides (F.G.), catechin, epicatechin, 
phloridzin and the aglycone phloretin and chlorogenic acid (5-CQA). Information of 
constituents present in the ciders analysed are listed in table 4.7 as supplied by H.P. Bulmer 
Ltd.
Table 4.7 Constituents of Cider (General Blendl
Constituent of General Blend (per litre) Concentration
Bittersweet concentrate (70° Brix) 84 ml
Glucose 118 ml
DAP 0.2 g
Thiamine 50 pg
Pantothenic acid 7 pg
Sulphur Dioxide 25 mg
Potential alcohol 10.38 % (v/v)
Glucose 11.63 % (w/v)
Fructose 3.62 % (w/v)
Sucrose 0.74 % (w/v)
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The first sample (13 May 1998) from each cider marked the end of the alcoholic 
fermentation. Malo-lactic fermentation started on the 19 May 1998 (sample 2). From the 
polyphenol composition of the ciders (table 4.8) the most dramatic difference can be seen 
with the concentration of the chlorogenic acid, there is a ten fold decrease after the third 
sample. From the chromatograms (figures 4.20-4.24) this marked reduction of 5-CQA (peak 
A) is illustrated. The third sample from the fermentation of cider 1 (figure 4.22) indicates the 
sudden rise of an umdentified peak (C). In the proceeding samples peak C increases 
dramatically. Initial attempts at identifying this peak were that it may be a product from the 
breakdown of 5-CQA (caffeolyquinic acid). However, caffeic acid was investigated and the 
peaks did not have the same retention time.
The malo-lactic fermentation does not have the same loss of polyphenols as observed during 
the alcoholic fermentation (section 4.5.3). This would suggest that the compositional 
changes occur during the alcoholic fermentation.
Table 4.8 Polyphenol Composition of Cider 1 During Malo-Lactic Fermentation
M-L Ferm Date Phloridzin Phloretin Catechin Epicatechin 5-CQA F.G. Porter’s 
(^ider 1______________(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) Mean
Sample 1 13 May 17.47 6.70 25.60 36.99 417.69 3.29
(dup.) 1998 17.37 6.55 23.78 37.97 417.67 3.29 0.310
Sample 2 19 May 18.92 7.30 21.48 45.87 424.86 3.67
(dup.) 1998 18.55 6.82 20.13 44.93 429.34 3.61 0.380
Sample 3 3 June 19.79 7.06 26.13 50.65 294.76 3.64
(dup.) 1998 20.26 7.49 25.60 50.38 314.28 3.46 0.410
Sample 4 30 June 20.07 7.30 46.90 70.62 37.74 3.55
(dup.) 1998 20.54 6.73 46.44 74.27 37.77 3.47 0.487
Sample 5 20 July 19.90 6.70 32.83 66.87 34.57 3.03
(dup.) 1998 19.90 6.70 25.60 68.13 34.07 2.98 0.442
86
Chapter 4 Changes in Polyphenol Composition Durins The Cider Makins Process
Figure 4.20 Cider 1 Sample 1 (End of Alcoholic Fermentation)
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Figure 4.21 Cider 1 Sample 2 (Start of M-L Fermentation)
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Figure 4.22 Cider 1 Sample 3
Figure 4.23 Cider 1 Sample 4
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Figure 4.24 Cider 1 Sample 5
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4.6 ADHERING PROPERTIES OF POLYPHENOLS
Traditionally, fermentation vessels were wooden. However, these are now being phased out 
with the introduction of stainless steel vessels. The aim of the following experiment was to 
investigate the possibility of condensed tannins and phenolic compounds adhering to the 
stainless steel fermentation vessels.
In the industrial cider making plants the metal vessels are cleaned after the alcohohc 
fermentation. However, in the following investigation the strips were not cleaned prior to the 
malo-lactic fermentation. Cleaning of the metal vessels is very through so as to avoid any 
microbial growth. H.P. Bulmer Ltd use the following protocol which starts with a hot water 
wash followed by an acid wash and another hot water wash. Then a 2 % caustic solution with 
2 % phosphoric acid is followed by a 2 % caustic solution and finally a cold water wash.
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Stainless steel strips, supplied by H.P. Bulmer Ltd, were suspended using sterilised cotton 
into the fermentation vessels for each of the ciders used in section 4.3. After the malo-lactic 
fermentation was completed the metal strips were removed from the fermentation vessels. 
They were placed in sterile petri dishes with 5 ml of 70 % methanol and left overnight. 
Porter’s reagents were used to test for the presence of condensed tannins on the solution in 
the petri dishes (section 2.2.2). As a positive control a clean piece of metal was placed in a 
petri dish with 5 ml 70 % methanol and some crude condensed tannins. This process was 
repeated over three days with fresh 70% methanol used for each overnight wash.
4.6.1.Results
The results from the Porter’s assay are tabulated below (table 4.9).
Table 4.9 Porter’s Results for Metal Binding
Sample Day 1 Mean 
Porter’s Abs (540 nm)
Day 2 Mean 
Porter’s Abs (540 nm)
Day 3 Mean 
Porter’s Abs (540 nm)
Control l(-) 0.001 0.000 0.001
Control 2 (+) 1.735 1.415 0.035
Bittersweet 1 0.114 0.024 0.012
Bittersweet 2 0.173 0.014 0.015
Bittersweet 3 0.221 0.082 0.021
Culinary 1 0.090 0.034 0.005
Culinary 2 0.067 0.074 0.006
Culinary 3 0.183 0.097 0.034
From the Porter’s results it can be concluded that the condensed tannins do adhere to the 
metal.
4.7 MEMBRANE CORE
As fining is becoming outdated most cider makers are looking for alternatives. One such 
alternative is the use of a filtering system. Samples were supplied before and after filtration.
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These samples were centrifuged 800 x g for 5 minutes. The sediment was dissolved in 
methanol and with the supernatant both samples were treated with Porter reagents. The results 
are illustrated below
Figure 4.25 Porter’s From Samples Pre and Post Membrane Core
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There is a higher presence of condensed tannins in the sample before filtration.
4.8 DISCUSSION
Processing of apple juice for the production of cider causes a decrease in the polyphenols 
which cider makers want to remain in the cider. The extraction of juice from the apples does 
not remove all the polyphenols, whereas the use of peetolytic enzymes increases the juice yield 
with no loss of phenols (Lea & Timberlake, 1978). Concentrates used in the production of 
cider can also lead to a reduction of phenohc compounds if stored at room temperature 
(Spanos et al, 1990).
During the fermentation of cider a reduction of polyphenols was noted from our research. 
From the results it is indicated that the procyanidins adhere to the stainless steel vats. These 
findings correlate with the research from Frank Marmolle (1999) who is associated with an
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EU-project coordinated at the University of Surrey. Marmolle has found that some phenols 
and tannins have the ability to form complexes with metals.
During the malo-lactic fermentation analysed, the appearance of an unusual peak was 
observed which remained at a high concentration until the fermentation had concluded. 
There was also a 10 fold decrease in the concentration of 5-CQA. The presence of this 
unusual peak maybe used as a marker for the progress of the fermentation.
Fining agents were used in the past to remove haze and sediment from cider, now the cider is 
filtered with membranes. The filtration of cider leads to a reduction of polyphenols as did the 
use of fining agents (Lea & Timberlake, 1978).
4.9 CONCLUDING COMMENTS
Although cider makers are investigating ways to increase the polyphenols in cider, ironically 
they continue to use procedures which reduce the number of polyphenols. It is inevitable that 
there will be a loss of phenolic compounds during cider production. Traditionally cider was 
not filtered but due to possible consumer requirements cider is now a relatively clear 
beverage with a lower phenolic composition compared with traditional Scrumpy Cider.
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Chapter 5 Polvvhenols in Cider
5.1 INTRODUCTION
It was of interest to analyse a variety of ciders to compare the polyphenol composition. 
Ciders available to the consumer cover a wide range of taste requirements such as sweet to 
dry.
5.2 QUANTIFICATION OF POLYPHENOLS IN CIDER.
Using RP HPLC (section 2.1.3) and Porter’s reagents (section 2.3.2) a number of ciders were 
analysed. A number of peaks in the ciders, from a range of cider makers were identified, by 
initially running standards where the retention times were compared. The UV-Vistble 
spectra was also compared for known standards and the suspected peaks in the cider. To 
confirm identification the ciders were spiked with the appropriate standard. After 
identification calibration curves were used to quantify the peaks (section 2.1.3).
5.2.1 Results
The following polyphenols were quantified; total chlorogenic acids (using calibration curve 
for 5-CQA), epicatechin, procyanidins (using calibration curve for catechin), chalcones 
(using calibration curve for phloridzin), total flavonol glycosides (using calibration curve for 
rutin). Porter’s reagents were used to mark the presence of the condensed tannins (table 5.1).
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Table 5.1 Polyphenol Composition From A Range of Ciders
Cider Porter’s 
(Abs. 540 nm)
Chlorogenic Acids 
(tig/ml)
Chalcones
(pg/ml)
Procyanidins
(pg/ml)
F.G.
(pg/ml)
Epicatechin
(pg/ml)
1 1.93 697.79 18.77 300.03 0.40 6.65
2 0.90 227.94 7.77 109.45 0.12 2.18
3 0.80 534.53 11.95 100.81 0.36 3.84
4 0.38 181.32 2.31 45.69 0.18 1.23
5 0.36 54.10 2.72 44.63 0.36 0.94
6 0.36 152.82 6.30 33.07 BLD 0.70
7 0.28 101.42 2.62 22.57 0.15 1.12
8 0.20 103.08 3.20 17.98 0.22 1.31
9 0.16 125.30 5.35 15.46 BLD 1.20
10 0.15 42.94 0.61 14.15 BLD 0.57
11 0.13 61.21 2.88 12.94 0.25 0.75
12 0.09 16.14 0.40 3.43 BLD 0.63
BLD indicates below limit of detection
Cider 1 has a notably different polyphenol content compared with the other ciders. This can 
perhaps be attributed to maturation of the cider in oak vats. When wine is matured in oak 
vats it has a fiiller flavour due to the presence of the elligatannins present in the wood (Vivas 
& Glories, 1996). Research on cider matured in oak vats indicates that the lactic a c id ^ r^ ir i 
in the wood positively contribute to changes to the organoleptic profile of the cider (Swafifield 
etal,\991).
The chromatograms for three ciders (1,4 and 12) are illustrated below in figures 5.1-5.4.
Definitions of peaks:
Peak A is 5-CQA 
Peak 1 is Procyanidin B2 
Peak 2 is catechin.
Peak 3 is epicatechin 
Peak 4 is 5-pCQA 
Peak 5 is phloretin 
Peak 6 is phloridzin
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Chapter 5 Polyphenols in Cider
3.00 -I
2.49
«  1-98uB
I  1.47
<
0.97 -
0.46 -
-0.05
A 1 lÀAsmm—r  
10
—r  
20
—r  
30
—r~ 
40
—r 
50
—r  
60
280 nm 
• 320 nm 
- 360 nm
70
—I 
80
Figure 5.2 Cider 1
Retention Time (min)
au
BB
tO
1.00
0.79
0.58
280 nm
320 nm 
360 nm0.37
0.16
-0.05
Retention Time (min)
96
Figure 5.3 Cider 4
Figure 5.4 Cider 12
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Cider 4 is a medium dry cider. Cider 12 is a white cider with little polyphenolic composition.
60
97
Chapter 5 Polyphenols in Cider
5.3 POT.YPHENOL COMPOSITION OF CIDRASSE
Cidrasse is the boiled cider residue left after distillation and used for the production of 
calvados (apple brandy). Cidrasse is often added back into cider to add more flavour. As the 
polyphenol composition of ciders was being investigated it was necessary to investigate the 
polyphenol composition of cidrasse.
Cidrasse was analysed by RP HPLC (section 2.1.3) and with Porter s reagents (section 2.3.2). 
Due to the viscosity of this residue the samples were filtered, treated with carrez reagents and 
centriftiged for 5 minutes at 800 x g. Prior to injection the cidrasse was diluted with distilled 
water to a 10 % solution.
As expected, cidrasse had a different polyphenol profile (figure 5.5) to that of a cider. The 
unresolved peak A and peak B had a strong absorbency at 280 nm.
Figure 5.5 Cidrasse
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5.3.1 Fractionation of Cidrasse
Due to the suspected high content of condensed tannins in eidrasse, as observed by the 
Porter’s absorbance value which was over the maximium (3.000) it was then decided to 
analyse this residue in more detail. Before any analysis occurred the cidrasse was filtered, 
treated with carrez reagents and centrifuged for 5 minutes at 800 x g. Duplicate injections 
were made for RP HPLC (section 2.1.3) with fi^actions collected every five minutes. These 
fi-actions were then rotary evaporated to dryness and reconstituted with distilled water to the 
original volume, collected, 7.5 ml. The fi-actions were then tested with Porter’s reagents 
(section 2.3.2) for condensed tannins.
From the Porter’s assay, fi-actions 50-55 and 55-60 had the highest presence of condensed 
tannins (figure 5.6). From the chromatogram (figure 5.7) these two tractions do not have 
resolved peaks, exhibited tss a hump which is only present at 280 nm.
Figure 5.6 Porter’s Results From Fractionation of Cidrasse
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Figure 5.7 Cidrasse Chromatogram Highlighting Presence of Condensed Tannins
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The fractions collected were reinjected on to the HPLC and detected with a rapid scanning 
detector to scan the fractions, particularly fractions 50-55 and 55-60 minutes. The fractions 
do not show resolved peaks but a smear across the chromatogram. The X maximum for these 
unresolved peaks was 280 nm. This would suggest that the compounds were possibly the 
condensed tannins, which is further substantiated by the Porter’s results.
5.4 INTRA-VARIATION OF CIDERS
■ t t >
The primary aim for this investigation was^note differences in the polyphenol composition 
from the ciders which were the same brand but produced at different times. All the ciders 
were analysed in duplicate by RP HPLC (section 2.1.3). Chlorogenic acid (5-CQA) and 
phloridzin were quantified in each cider. Each brand of cider analysed is tablulated below 
(tables 5.2-5.6).
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Cider Best Before 5-CQA Std Dev. Phloridzin Std Dev.
Date Mean Mean
(jig/ml) (fig/ml)
1 04-May-97 47.69 2.83 1.75 0.14
2 14-Feb-97 58.43 3.89 1.61 0.01
3 07-Aug-98 44.24 0.47 1.66 0.01
Brand 2 consists of two groups of cider which are principally the same, however cider B has 
a higher volume of alcohol.
Table 5.3 Polyphenol Composition of Brand 2
Cider Best Before Date 5-CQA
Mean
(Pg/ml
Std Dev. Phloridzin
Mean
(jig/ml)
Std Dev.
Cider A 1 26-M-98 66.06 0.12 1.12 0.01
Cider A 2 29-Aug-97 67.98 0.97 0.74 0.06
Cider A 3 14-M-98 75.66 0.06 1.96 0.01
Cider A 4 07-Nov-96 70.49 1.03 1.84 0.01
Cider B1 14-Aug-98 96.55 1.47 0.75 0.00
Cider B2 Ol-Sep-98 188.62 1.29 2.34 0.02
Cider B3 12-M-98 92.80 1.39 1.01 0.05
Cider B4 21-Aug-98 89.17 0.06 1.87 0.01
Brand 3 like brand 2 has derivatives of the same cider. Cider B has a higher alcohol volume 
compared with cider A whereas cider C has the lowest volume of alcohol.
Table 5.4 Polyphenol Composition of Brand 3
Cider Best Before Date 5-CQA
Mean
(lag/ml)
Std Dev. Phloridzin
Mean
(^ig/ml)
Std Dev.
Cider A1 31-Jul-98 141.45 0.06 2.70 0.04
Cider A2 09-Aug-98 142.32 12.42 2.20 0.01
Cider A3 21-Sep-97 144.62 0.33 2.83 0.04
Cider A4 31-May-97 154.04 0.05 2.10 0.01
Cider A5 08-Jun-97 146.65 1.34 2.35 0.02
Cider A6 17-May-97 142.04 1.42 1.98 0.02
Cider B1 03-Sep-97 224.23 3.88 6.96 0.06
Cider Cl 13-Jun-97 190.53 2.85 3.90 0.01
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Table 5.5 Polyphenol Composition of Brand 4
Cider Best Before Date 5-CQA Std Dev. Phloridzin Std Dev. 
Mean Mean
( i^g/ml) (lig/ml)
Cider 1 
Cider 2 
Cider 3 
Cider 4
04-Aug-98
06-Aug-98
18-Jul-98
25-Jun-98
57.00 0.23 2.15 0.14
57.00 0.23 2.15 0.14
96.92 2.18 2.61 0.06
74.94 1.23 2.98 0.03
Table 5.6 Polyphenol Composition of Brand 5
Cider Best Before Date 5-CQA Std Dev. Phloridzin Std Dev. 
Mean Mean
(jig/ml) (Pg/ml)
Cider 1 05-Aug-98 391.83 1.77 10.22 0.11
Cider 2 15-Jun-97 219.72 1.99 6.65 0.01
Cider 3 NA 301.92 1.59 9.19 0.04
Cider 4 06-Aug-98 385.08 2.57 10.09 0.28
Cider 5 14-Jul-98 314.23 5.70 9.43 0.19
Intra-variatal differences were observed when quantifying chlorogenic acid and phloridzin. 
For example in Brand 4 ciders 1 and 2, there is no difference in concentration for 5-CQA but 
cider 3 is much higher. There is only oneday between the best before date for ciders 1 and 2 
which would imply that they were fermented at a similar time possibly with the same juices 
All ciders are given a two year sell by date ftom the day they are fermented (H.P. Bulmer Ltd 
personal communication).
Ciders vary in their polyphenol content due to the variation observed in the apples. Another 
factor which may cause variation within ciders is that the polyphenols adhere to the bottles in 
which they are contained, as this also occurs with red wine polyphenols (Waters et ût/,1994).
5.5 CONCLUDING COMMENTS
A broad range of UK ciders have been profiled for their polyphenol content and as indicated 
there is intra-variation within ciders.
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Chapter 6 Orsanoleptic Properties o f Polyphenols
6.1 INTRODUCTION
In previous chapters the analysis of polyphenols in apples and throughout the cider making 
process has been reported. Logically, the next step was to investigate whether their presence 
in cider could be linked statistically to the consumers' perception of the beverage. The taste 
sensations of bitterness and astringency from traditional ciders have previously been 
associated with the phenolic fraction present within apples, more specifically the 
procyanidins (Lea & Arnold, 1978).
6.2 TASTE PANEL EXPERIMENT
An experiment was devised in conjunction with H.P. Bulmer Ltd whereby three ciders would 
be analysed, five compounds and one family of compounds (flavonol glycosides) would be 
quantified using RP HPLC and the presence of condensed tannins would be estimated using 
Porter’s reagents. These three ciders would also be tasted by the same trained taste panel, in 
a randomised order. The ciders chosen for analysis covered the range of ciders available to 
the consumer; from the white ciders to the more traditional ciders. The experimental aim was 
to seek and define a relationship between the presence of polyphenols and certain taste 
attributes.
6.2.1 Quantification of Cider Polyphenols
Quantification of the polyphenols in the three ciders was undertaken at the University of 
Surrey. The three ciders will be referred to as ciders 1, 2 and 3. Ciders 1, 2 and 3 were 
analysed by both RP HPLC and SEC HPLC, (sections 2.1.3 and 2.2.2), they were also 
examined with Porter’s reagents, (section 2.3.2). For both types of HPLC each cider was 
analysed three times with each 100 ql injection made in duplicate. After RP HPLC five 
polyphenols were quantified using calibration curves (section 2.1.3 ), phloridzin and its 
aglycone phloretin, catechin, epicatechin, chlorogenic acid (5-CQA). The total flavonol
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glycosides were quantified using a calibration curve for quercetin rutinoside (rutin). Results 
of quantification are listed in tables 6.1-6.3.
Table 6.1 Polyphenol Composition of Cider 1
Cider 1 Phloridzin Phloretin Catechin Epicatechin 5-CQA F.G.
(Hg/ml) (|Lig/ml) (fig/ml) (pg/ml) (pg/ml) (pg/ml)
No. 1 4.02 3.09 10.45 19.30 30.12 0.90
No. 1 (dup.) 3.90 2.94 11.70 16.23 30.19 1.10
No. 2 3.72 2.93 13.27 17.67 31.01 0.96
No. 2 (dup.) 3.00 2.92 12.19 18.73 30.59 0.80
No. 3 3.16 2.68 10.67 20.37 26.57 0.70
No. 3 (dup.) 3.53 2.47 12.42 20.15 25.15 1.01
Mean 3.55 2.84 11.78 18.74 28.93 0.91
Std Dev. 0.41 0.22 1.08 1.57 2.46 0.14
Table 6.2 Polyphenol Composition of Cider 2
Cider 2 Phloridzin Phloretin Catechin Epicatechin 5-CQA F.G.
(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
No. 1 0.64 0.26 1.67 2.34 12.15 BLD
No. 1 (dup.) 0.62 0.23 1.72 2.50 12.30 BLD
No. 2 0.34 0.17 1.46 2.98 7.32 BLD
No. 2 (dup.) 0.34 0.17 1.29 2.18 7.36 BLD
No. 3 0.36 0.18 1.76 2.37 8.04 BLD
No. 3 (dup.) 0.34 0.18 1.87 2.10 7.49 BLD
Mean 0.44 0.20 1.63 2.41 9.11 NA
Std Dev. 0.15 0.04 0.21 0.31 2.43 NA
Table 6.3 Polyphenol Composition of Cider 3
Cider 3 Phloridzin Phloretin Catechin Epicatechin 5-CQA F.G.
(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
No. 1 4.66 3.91 20.45 32.89 338.00 1.12
No. 1 (dup.) 4.63 3.89 20.61 33.65 322.68 1.11
No. 2 4.73 4.04 21.87 36.93 ' 316.90 1.14
No. 2 (dup.) 4.91 4.11 21.76 36.99 357.39 1.15
No. 3 4.98 4.32 20.63 31.27 328.23 1.21
No. 3 (dup.) 4.81 4.12 20.52 37.27 344.97 1.22
Mean 4.79 4.06 20.97 34.83 334.70 1.16
Std Dev. 0.14 0.16 0.66 2.56 15.06 0.04
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BLD indicates below limit o f detection which is 0.5 gg/ml. NA indicates no values available, F.G. refers to 
total flavonol glycoside concentration.
Porter’s results which indicate the presence of condensed tannins are presented in table 6.4. 
As for HPLC analysis each cider was analysed in triplicate with each sample in duplicate.
Table 6.4 Porter’s Absorbance for Cider’s 1-3
Cider Porter’s Total Mean for Std Dev. for
(Abs. 540 nm) each cider each cider
Cider 1 No. 1 0.916 0.888 0.042
Cider 1 No. l(dup.) 0.878
Cider 1 No. 2 0.809
Cider 1 No. 2 (dup.) 0.889
Cider 1 No. 3 0.915
Cider 1 No. 3(dup.) 0.919
Cider 2 No. 1 0.054 0.044 0.005
Cider 2 No. 1 (dup.) 0.044
Cider 2 No. 2 0.041
Cider 2 No. 2 (dup.) 0.041
Cider 2 No. 3 0.042
Cider 2 No. 3 (dup.) 0.042
Cider 3 No. 1 0.761 0.785 0.041
Cider 3 No. 1 (dup.) 0.812
Cider 3 No. 2 0.846
Cider 3 No. 2 (dup.) 0.797
Cider 3 No. 3 0.754
Cider 3 No. 3 (dup.) 0.738
It was noted from the analytical data for the three ciders sent by H.P. Bulmer Ltd that they 
were not in the range of polyphenol content as requested when the experiment was designed. 
Cider 1 was expected to be the more traditional cider, made from cider apples. Cider 2 was a 
white cider with a very low polyphenol content. However, the middle marker cider 3, was 
not appropriate as it too was made from cider apples and the majority of polyphenols 
quantified were higher compared with cider 1. Cider 1 had the highest content of condensed 
tannins as indicated by the Porter’s results.
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The analytical data (tables 6.1-6.4 ) from the three ciders were statistically analysed by Peter 
Williams, University of Surrey to ascertain whether or not the ciders were significantly 
different.
Table 6.5 Three Wav ANOVA For (31 Ciders. (31 Replicates and (2) Duplicates
Compound N Cider
/7-value
Replicate No. 
/7-value
Duplicate
/7-value
Phloridzin 18 <0.0005 0.255 0.639
Phloretin 18 <0.0005 0.763 0.462
Catechin 18 <0.0005 0.107 0.532
Epicatechin 18 <0.0005 0.379 0.636
5-CQA 18 <0.0005 0.954 0.347
F.G. 18 <0.0005 0.860 0.340
Porter’s 9 <0.0005 0.813
A three way ANOVA for the three ciders using replicates (three) and duplicates (two) was 
performed to assess significant differences. From the analysis of variance (table 6.5), there 
was no significant differences for replicates (p<0.255) and duplicates (p<0.340). In contrast 
there were significant differences (p<0.0005) between the ciders for the seven compounds.
T-tests were then performed for the different compounds quantified, comparing cider with 
cider. Levenes test for equality of variances was performed and the assumption of unequal 
variances was implemented in calculating the t-test when Levenes test was statistically 
significant (tables 6.6-6.8). Cider 2 had no value for the flavonol glycosides (below limit of 
detection) therefore the Mann-Whitney U test was used. This non-parametric test ranks the 
ciders rather than using values.
All the compounds analysed were significantly different for the three ciders to be used in the 
taste panel assessment.
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Table 6.6 Cider 1 Compared With Cider 2
Compound Cider 1
N
Cider 1 
Mean
Cider 1 
Std Dev.
Cider 2
N
Cider 2 
Mean
Cider 2 
Std Dev.
t-test
p-value
Phloridzin 6 3.56 0.41 6 0.44 0.15 <0.0005
Phloretin 6 2.84 0.22 6 0.20 0.04 <0.0005
Catechin 6 11.78 1.08 6 1.63 0.21 <0.0005
Epicatechin 6 18.74 1.58 6 2.41 0.31 <0.0005
5-CQA 6 28.93 2.46 6 9.11 2.43 <0.0005
F.G. 6 9.50 6 3.50 0.0021
Porter’s 6 0.89 0.42 6 0.04 0.01 <0.0005
Table 6.7 Cider 1 Compared With Cider 3
Compound Cider 1
N
Cider 1 
Mean
Cider 1 
Std Dev.
Cider 3
N
Cider 3 
Mean
Cider 3 
Std Dev.
t-test
p-value
Phloridzin 6 3.56 0.41 6 4.79 0.14 <0.0005
Phloretin 6 2.84 0.22 6 4.07 0.16 <0.0005
Catechin 6 11.78 1.08 6 20.97 0.66 <0.0005
Epicatechin 6 18.74 1.58 6 34.83 2.56 <0.0005
5-CQA 6 28.93 2.46 6 334.70 15.06 <0.0005
F.G. 6 0.91 0.15 6 1.16 0.05 0.007
Porter’s 6 0.89 0.42 6 0.78 0.04 0.002
Table 6.8 Cider 2 Compared With Cider 3
Compound Cider 2
N
Cider 2 
Mean
Cider 2 
Std Dev.
Cider 3 
N
Cider 3 
Mean
Cider 3 
Std Dev.
t-test
/7-value
Phloridzin 6 0.44 0.15 6 4.79 0.14 <0.0005
Phloretin 6 0.20 0.04 6 4.07 0.16 <0.0005
Catechin 6 1.63 0.21 6 20.97 0.66 <0.0005
Epicatechin 6 2.41 0.31 6 34.83 2.56 <0.0005
5-CQA 6 9.11 2.43 6 334.70 15.06 <0.0005
F.G. 6 3.50 6 9.50 0.0021
Porter’s 6 0.04 0.01 6 0.78 0.04 <0.0005
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Examples of RP and SEC HPLC chromatograms from the three ciders are presented in 
figures 6.1-6.7. The size exclusion HPLC procedure used in this study has been shown to 
separate neutral tannins by molecular weight with the larger molecules eluting first. 
Negatively charged compounds, however elute ,more rapidly than their mass would suggest. 
Compounds such as chlorogenic acid have a negative charge at neutral pH value and elute at 
about 10 minutes with a X maximum of 320 nm despite a mass of only 354 Da. This is 
highlighted in SEC chromatogram from Cider 3 (figure 6.3).
The compounds quantified are identified are on the RP chromatograms (figures 6.3-6.7). 
Peak 1 is catechin, peak2 is 5-CQA, peak 3 is epicatechin, peak 4 is phloretin with peak 5 
being phloridzin. As the flavonol glycosides are only present in small quantities they are 
highlighted in the box in figure 6.7.
Figure 6.1 SEC Chromatogram of Cider 1
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Figure 6.2 SEC Chromatogram of Cider 2
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Figure 6.3 SEC Chromatogram of Cider 3
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Figure 6.4 RP Chromatogram of Cider 1
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Figure 6.5 RP Chromatogram of Cider 2
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Figure 6.6 RP Chromatogram of Cider 3
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Figure 6.7 RP Chromatogram of Cider 3 (F.G.)
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6.2.2 Taste Panel Analysis
Tasting of the ciders was undertaken at H.P. Bulmer Ltd, and organised by Emma Taylor and 
Terry Prosser. Ciders 1, 2 and 3 were tasted by 18 trained taste panellists. Before the tasters 
are allowed to analyse any cider they have to undergo full sensory profile training. Initially, 
training consists of 12 hours close supervision after which the trainees have 3 months 
practice, attending 2 sessions a week. Refresher training is provided on a 3 monthly basis.
Tasting of the ciders used in this study was divided into three sessions. Listed below (table 
6,9) is information pertaining to the panellists. It was of interest to know whether the 
panellists worked at H,P, Bulmer Ltd, it was thought that working with cider everyday might 
make a taster more aware of certain attributes or less senstive to others. Tasting experience 
of the panellists was another factor which it was thought may affect the data. More 
experienced tasters may be more perceptive to subtle differences in attributes whereas the 
newly trained may not have developed such a sensitive palate.
Table 6.9 Information About Taste Panellists Used In The Study
Assessor
Number
Position Tasting
Experience
(years)
Age Sex Session 1 Session 2 Session 3
1 External Panellist 0.5 43 F ✓ ✓
2 External Panellist 3 44 F ✓ ✓ ✓
3 External Panellist 3 48 F ✓ X ✓
4 External Panellist 4 39 F ✓ ✓ X
5 External Panellist 4 31 F ✓ ✓ ✓
6 External Panellist 4 39 F ✓ ✓ X
7 Works at Bulmers 0.5 27 F ✓ ✓ X
8 External Panellist 3 40 F ✓ X X
9 External Panellist 3 23 F / ✓ ✓
10 External Panellist 4 54 F X X
11 External Panellist 0.5 57 F X ✓ ✓
12 External Panellist 0.6 44 F X ✓ X
13 External Panellist 4 43 F X ✓ X
14 External Panellist 3 53 F X ✓ X
15 External Panellist 4 39 F X ✓ X
16 Works at Bulmers 25* 56 F X ✓ ✓
17 Works at Bulmers 6 53 M X X ✓
18
* Approximate
Works at Bulmers 
y 25 years.
3 36 F X X ✓
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6.2.2.1 Taste Panel Protocol
There is a code of practice to which all taste panellists must conform prior to commencing 
any tasting at H.P. Bulmer Ltd. Tasters should not participate if they feel unwell. Smoking 
and consumption of food, tea and coffee should be avoided for 30 minutes prior to a session. 
The use of strong smelling cosmetics should be avoided. Panellists should not turn up to the 
session late or out of breath, if this occurs then the person will be asked to wait five minutes 
and catch their breath. During the session eating, drinking, smoking and talking are not 
permitted. Tasting of the samples should not be rushed, for example, if four samples are to 
be profiled then this should take at least 20 minutes. Not only do the taste panellists have a 
protocol to follow, the panel organiser must follow certain guidelines. The glasses used for 
the samples must not be hot or wet and must be clean. Tasters are provided with two water 
biscuits and a V2 pint of drinking water. Once the panellists have arrived for the session the 
ciders may be poured into the allocated glasses. Samples are handed to the panellists one at a 
time, once one sample is finished that glass is removed and the next sample given.
The taste panellists were asked to assess the magnitude of 55 attributes which is normal 
practice at H.P. Bulmer Ltd. These attributes are classified into the following groups (tables 
6.10- 6.15). The scores for the attributes are recorded on a spider web flavour chart. The 
actual scores for the three ciders are listed in Appendix 1.
Table 6.10 Visual Attributes
Attribute Number Name
T1 Clarity
T 2 Colour
T3 Carbonation
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Table 6.11 Aroma Attributes
Attribute Number Name
T4 Sulphur
15 Cider apple
16 Dessert apples
17 Alcoholic
T8 Fruity
T9 Esters/pears
TIO Grape/winey
T il Caramel/molasses
T12 Raisins/sherry
T13 Yeasty
T14 Drains/eggs
T15 Vinegar
T16 Rubber
T17 Musty/earthy
T18 Woody
T19 V anilla/butterscotch
T20 Phenolic
T21 Citrus
T22 Chlorine/paint
Table 6.12 Prim ary Flavours
Attribute Number Name
T23 Sweetness
T24 Acid
T25 Dessert apple
T26 Bitter
T27 Cider apple
T28 Alcoholic
T29 Estery/pears
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Table 6.13 Other Flavours
Attribute Number Name
T30 Woody
T31 Grape/winey
T32 Fruity
T33 Vinegar
T34 Caramel/molasses
T35 Chlorine/paint
T36 Drains/eggs
T37 Sulphur
T38 Raisins/sherry
T39 Metallic
T40 Rubber
T41 Butterscotch/vanilla
T42 Musty/earthy
T43 Phenolic
144 Citrus
Table 6.14 Mouthfeel Attributes
Attribute Number Name
T45 Astringency
T46 Body
T47 Carbonation
Table 6.15 Aftertaste
Attribute Number Name
T48 Mouse
T49 Sweetness
T50 Acidity
151 Bitterness
T52 Astringency
T53 Fruity
T54 Off Aftertaste
T55 Metallic
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From the attributes listed there are a number of repetitions of terminology, for example, 
astringency is used to describe both mouth feel and aftertaste (T45 and T52). This repetition 
was thought may cause confusion for the tasters.
The original design of this experiment was to use the same tasters for all three tasting 
sessions of the ciders. From the 18 tasters used, only four participated in all three sessions 
due to time constraints it was not possible to use the same tasters. It had also been agreed 
with H.P. Bulmer Ltd that good quality ciders would be used implying that there should be 
no score for any taint or defect. For example. Mouse (T48) is an indicator of fungal growth 
within cider. The three ciders did not appear to have any defects or taints which suggests that 
‘good’ ciders were selected. It was noted that one taster (assessor nine) did give a score for 
all 55 attributes, including for the taints. This taster was used in all three tasting sessions and 
consistently gave a score for all the attributes. It may be possible that the taster had a 
particularly sensitive palate or may have been unsure of the differences between certain 
aromas and flavours.
Prior to statistical analysis of the taster scores for the ciders, various points were considered 
as to the reliability of the scores. It was thought taster nine (who scored for every attribute) 
may lead to misinterpretation of the results. However, assessor nine was included in the 
statistical analysis with their results closely checked. Another perceived problem was the 
number of tasters who completed all three sessions. As only four of the 18 had been used for 
all the sessions, it was decided not to focus analysis on these four. This would have led to a 
very small sample size so the results fi*om all 18 panellists were used regardless of only being 
used once.
6.2.2.2 Statistical Analvsis
As the tasters scored for 55 attributes it was decided to reduce this number of variables to a 
more manageable number (for raw data from taster scores refer to Appendix 1). Factor
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analysis (statistical analysis performed by Peter Williams, University of Surrey), using 
principal component analysis led to inconclusive groupings of the variables. Analysis of 
variance (ANOVA) were performed for each of the 55 variables in order to identify those 
variables determining differences between the three ciders. The variables which were 
significant at the 5 % level are listed in table 6.16.
Table 6.16 Taste Sensations Analysed
Attribute Number Description Name
T2 Visual Colour
T5 Aroma Cider apple
T il Aroma Caramel/molasses
T17 Aroma Musty/earthy
T18 Aroma Woody
T24 Primary flavour Acid
T25 Primary flavour Dessert apple
T26 Primary flavour Bitter
T27 Primary flavour Cider apple
T43 Other flavour Phenolic
T44 Other flavour Citrus
T47 Mouthfeel Carbonation
T51 Aftertaste Bitterness
T52 Aftertaste Astringency
Many of the attributes (table 6.16) were clearly not associated with polyphenols so these 
scores were not analysed. The list was further reduced and are tabulated below (table 6.17).
Table 6.17 Final Listing of Attributes Used in Statistical Analvsis
Attribute Number Description Name
T2 Visual Colour
T24 Primary flavour Acid
T25 Primary flavour Dessert apple
T27 Primary flavour Cider apple
T43 Other flavour Phenolic
T51 Aftertaste Bitterness
T52 Aftertaste Astringency
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The scores for these variables were investigated in terms of their relationship with the 
corresponding taster. The following variables were used; age (in years), sex (male or 
female), internal (whether the taster was an employee of Bulmers), log  ^ (natural log) tasting 
experience (in years). The last transformed variable was necessary as taster 16 had a 
substantially longer period of tasting experience than all the others. It was decided this was 
the most appropriate method of dampening the influence of this outlier on the analysis. Also 
included in the modelling process were ciders 1, 2 and 3.
Table 6.18 Initial Statistical Analvsis for Taste Attributes Compared With Ciders
Attribute N Cider 1 
Mean
Cider 1 
Std Dev.
Cider 2 
Mean
Cider 2 
Std Dev.
Cider 3 
Mean
Cider 3 
Std Dev.
Colour 32 67.56 13.37 5.97 4.76 49.06 6.75
Acid 32 47.97 18.53 56.22 16.73 39.41 23.54
Dessert apple 32 19.94 21.79 27.16 24.16 17.44 21.03
Cider apple 32 60.91 27.47 27.47 19.96 63.56 14.53
Phenolic 32 30.84 26.64 11.38 17.65 28.28 28.93
Bitterness 32 43.91 26.00 35.59 28.01 53.94 24.85
Astringency 32 51.12 20.51 42.31 17.45 50.94 18.01
Initial statistical analysis of the attributes compared with the three ciders (table 6.18) 
highlighted that dessert apple had a very high standard deviation for all three ciders, which 
may indicate that the relationship may not be statistically significant. An analysis of variance 
(ANOVA) was then performed for each of the seven tasting variables with the continuous 
variables age, log  ^ (tasting experience), sex, cider and internal (referring to working at 
Bulmers) as covariates.
Table 6.19 Results of ANOVA for Colour With Covariates
Source / -  value /;-vaIue
Sex 0.31 0.5815
Internal 1.17 0.2824
Cider 387.73 0.0001
Age 0.98 0.3248
Log, (exp) 0.01 0.9264
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From the ANOVA results for colour (table 6.19) cider was the only variable which was 
significant. Further statistical analysis of the variables placed the ciders in the following 
descending order for colour; cider 1, cider 3 and cider 2 (table 6.20).
Table 6.20 Colour Param eter Estimates and Comparison Tests for Three Ciders
Cider Estimate T for HqI 
Parameter=0
P r > |T | Std E rro r of 
Estimate
1 18.5000 8.15 0.0001 2.26988
2 -43.0938 -18.99 0.0001 2.26988
3 0.0000
ANOVA results for the taste attribute acid found that the variables cider and sex were 
significant (table 6.21). Due to their only being one male taster involved in the panel it was 
not statistically viable to draw any conclusions from the variable sex. In the design of the 
study all single sex or equal proportions of men and women would have been preferred, 
however this was not possible. Cider 2 had the highest scoring for acidity with ciders 1 and 3 
not being statistically different (p= 0.0766) (table 6.22).
Table 6.21 Results of ANOVA for Acid With Covariates
Source / -  value /7-value
Sex 5.04 0.0272
Internal 3.09 0.0823
Cider 6.19 0.0031
Age 3.03 0.0850
Log g (exp) 0.44 0.5090
Table 6.22 Acid Param eter Estimates and Comparison Tests for Three Ciders
Cider Estimate T fo r  Ho*. 
Parameter=0
P r > |T | Std E rro r of 
Estimate
1 8.5625 1.79 0.0766 4.7801
2 16.8125 3.52 0.0007 4.7801
3 0.0000
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ANOVA results for the taste attribute ‘dessert apple’ found the only significant variable was 
‘internal,’ referring to whether or not the taster worked at H.P. Bulmer (table 6.23). Further 
analysis indicated that employees scored higher for ‘dessert apple’ (table 6.24).
Table 6.23 Results of ANOVA for Dessert Apple With Covariates
Source / -  value /7-value
Sex 1.50 0.2237
Internal 4.53 0.0361
Cider 1.66 0.1967
Age 0.03 0.8560
Loge (exp) 1.61 0.2702
Table 6.24 Dessert Apple Parameter Estimates and Comparison Tests for Internal
Internal Estimate T for HqI P r> |T | Std Error of
Parameter=0 Estimate
Employee
Non-employee
13.5104
0.0000
2.13 0.0361 6.3504
For the attribute of cider apple only ‘cider’ was found to be the statistically significant 
variable (table 6.25). Cider 2 scored the least for this taste sensation which would be 
expected as this is a white cider. Ciders 1 and 3 were not statistically different from each 
other/?=0.5483 (table 6.26).
Table 6.25 Results of ANOVA for Cider Apple With Covariates
Source / -  value /7-value
Sex 0.19 0.6667
Internal 0.29 0.5888
Cider 41.66 0.0001
Age 1.67 0.1995
Loge (exp) 1.56 0.2153
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Table 6.26 Cider Apple Param eter Estimates and Comparison Tests for Three Ciders
Cider Estimate T for HqI P r > |T | Std E rro r of
Parameter=0 Estimate
1 -2.6563 -0.60 0.5483 4.4075
2
3
-36.0938 -8.19 0.0001 4.4075
ANOVA analysis for ‘phenolic’ flavour indicated the significant variables were the ‘cider’ 
and whether the panellists worked at Bulmers (internal). For phenolic taste the ciders were 
ranked in the following order with cider 1 and 3 being the most potent and then cider 2. The 
tasters which worked at Bulmers gave this attribute a lower score compared with those who 
did not (tables 6.27 and 6.28).
Table 6.27 Results of ANOVA for Phenolic With Covariates
Source / -  value /7-value
Sex 0.04 0.8498
Internal 6.73 0.0111
Cider 2.66 0.0030
Age 2.66 0.1065
Loge (exp) 0.37 0.5462
Table 6.28 Phenolic Param eter Estimates and Comparison Tests for Three Ciders and 
Internal
Variable Estimate T fo r  Ho: 
Parameter=0
P r > |T | Std E rro r of 
Estimate
Employee -17.8356 -2.59 0.0111 6.8738
Non-Employee 0.0000
Cider 1 2.5625 0.43 0.6705 6.0030
Cider 2 -16.9063 -2.82 0.0060 6.0030
Cider 3 0.0000
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The ANOVA results for ‘bitterness’ indicated that ‘cider’, ‘age’ and ‘logg (tasting 
experience)’ were statistically significant. From the statistics it was inferred that the 
perception of bitterness decreased with age. The more experienced the taster, the higher they 
scored for bitterness. The ciders were placed in the following descending order for 
bitterness, cider 3, cider 1 and cider 2 (tables 6.29 and 6.30).
Table 6.29 Results of ANOVA for Bitterness With Covariates
Source /-value /7-value
Sex 0.59 0.4430
Internal 1.36 0.2464
Cider 5.26 0.0069
Age 8.12 0.0055
Log, (exp) 20.09 0.0001
Table 6.30 Bitterness Param eter Estimates and Comparison Tests for Three Ciders, 
Age and Log, (exp)
Variable Estimate T for H qI 
Parameter=0
Pr> 1T 1 Std E rro r of 
Estimate
Age -0.6672 -2.85 0.0055 0.2342
Log, (exp) 10.2165 4.48 0.001 2.2793
Cider 1 -10.0313 -1.77 0.0799 5.6626
Cider 2 -18.3438 -3.24 0.0017 5.6626
Cider 3 0.0000
For ‘astringency’, no significant variables were found (table 6.31).
Table 6.31 Results of ANOVA for Astringency With Covariates
Source /-value /7-value
Sex 1.39 0.2419
Internal 0.03 0.8665
Cider 2.33 0.1028
Age 0.00 0.9643
Log, (exp) 3.50 0.0645
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6.2.2.3 Statistical Relationship Between Attributes and Quantified Polyphenols
To analyse statistically if there was a relationship between the chemical composition from the 
three ciders and the results from the taste panel, selected compounds were used in the 
ANOVA replacing the variable cider. For the analysis of ‘colour’ the results for phloridzin 
were used (tables 6.32 and 6.33). The relationship between colour and phloridzin is 
significant and is a positive relationship. However this may not be a direct relationship.
Table 6.32 Results of ANOVA for Colour With Covariates Including Phloridzin
Source / -  value /7-value
Sex 0.31 0.5815
Internal 1.17 0.2824
Phloridzin Mean 154.12 0.0001
Age 0.98 0.3248
Log, (exp) 0.01 0.9264
Table 6.33 Colour Parameter Estimates and Comparison Tests for Phloridzin
Variable Estimate T for Hg: P r> |T | Std Error of
Parameter=0 Estimate
Phloridzin Mean 11.8349 12.41 0.0001 0.9533
The possibility of a relationship between 5-CQA content, a major phenolic acid in cider, and 
the parameter ‘acid’ was investigated. The relationship was statistically significant, however 
it was inverse as the trend has a negative slope (tables 6.34 and 6.34).
Table 6.34 Results of ANOVA for Acid With Covariates Including 5-COA
Source / -  value /7-value
Sex 5.04 0.0272
Internal 3.09 0.0823
5-CQA Mean 9.79 0.0024
Age 3.03 0.0850
Log, (exp) 0.44 0.5090
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Table 6.35 Acid Parameter Estimates and Comparison Tests for 5-COA
Variable Estimate T for HqI Pr> 1T 1 Std Error of
Parameter=0 Estimate
5-CQA Mean -0.0413 -3.13 0.0024 0.01319
Analysis of variant was performed for ‘dessert apple’ to ascertain any relationship with the 
polyphenols quantified in the ciders. None of the analytical variables were found to be 
statistically significant. This result may have been predicted from the ANOVA previously 
performed (table 6.23) which did not find cider a statistically significant variable.
An ANOVA for ‘cider apple’ was performed with the Porter’s results which indicate the 
presence of condensed tannins. Condensed tannins were statistically significant for the 
relationship with cider apple taste and this was found to be positive. As cider apples are rich 
in condensed tannins this relationship could be direct (tables 6.36 and 6.37).
Table 6.36 Results of ANOVA for Cider Apple With Covariates Including Porter’s
Source / -  value /7-value
Sex 0.19 0.6667
Internal 0.29 0.5888
Porter’s Mean 41.66 0.0001
Age 1.67 0.1995
Log, (exp) 79.28 0.0001
Table 6.37 Cider Apple Parameter Estimates and Comparison Tests for Porter’s
Variable Estimate TforHg: P r> |T | Std Error of
Parameter=0 Estimate
Porter’s Mean 43.0144 8.90 0.0001 4.8310
As observed with ‘cider apple’ the ‘phenolic’ parameter had a significant and positive 
relationship with the condensed tannins (Porter’s) (tables 6.38 and 6.39).
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Table 6.38 Results of ANOVA for Phenolic With Covariates Including Porter’s
Source / -  value /7-value
Sex 0.04 0.8498
Internal 6.73 0.0111
Porter’s Mean 12.56 0.0006
Age 2.66 0.1065
Log, (exp) 0.37 0.5462
Table 6.39 Cider Apple Param eter Estimates and Comparison Tests for Porter's
Variable Estimate T for Hg: P r > | T | Std E rro r of
Parameter=0 Estimate
Porter’s Mean 22.9832 3.54 0.0006 6.4852
Bitterness is a taste sensation which is associated with the condensed tannins (Lea & Arnold, 
1978). Analysis of variants for ‘bitterness’ was performed using Porter’s results (condensed 
tannins) and 5-CQA. 5-CQA was investigated as it is known to elicit a taste response (Naish 
et al, 1993) The relationship for ‘bitterness’ and both compounds was positive and 
significant (tables 6.40 and 6.41).
Table 6.40 Results of ANOVA for Bitterness With Covariates Including 5-COA & 
Porter’s
Source /-value /7-value
Sex 0.59 0.4430
Internal 1.36 0.2464
5-CQA 8.74 0.0040
Porters Mean 6.04 0.0159
Age 8.12 0.0055
Log, (exp) 20.09 0.0001
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Table 6.41 Bitterness Param eter Estimates and Comparison Tests for Porter’s & 5- 
COA
Variable Estimate T for Hg: 
Parameter=0
P r > |T | Std E rro r of 
Estimate
5-CQA 0.0460 2.96 0.0040 0.0156
Porter’s 15.3948 2.46 0.0159 6.2621
Previous ANOVA of ‘astringency’ did not find any variables which were significant (table 
6.31). As astringency is associated with the presence of condensed tannins (Lea & Arnold, 
1978) an ANOVA was performed using Porter’s (condensed tannins). Despite the previous 
ANOVA results, a significant and positive relationship (tables 6.42 & 6.43) was found 
between ‘astringency’ and condensed tannins.
Table 6.42 Results of ANOVA for Astringency With Covariates Including Porter’s
Source /-value /7-value
Internal 0.03 0.8658
Sex 1.40 0.2394
Age 0.00 0.9641
Log, (exp) 3.54 0.0631
Porter’s Mean 4.68 0.0332
Table 6.43 Astringency Param eter Estimates and Comparison Tests for Porter’s
Variable Estimate TforHg: P r > | T | Std E rro r of
Parameter=0 Estimate
Porter’s Mean 10.8912 2.16 0.0332 5.0357
The table below (table 6.44) summarises the results from using all the compounds to find a 
relationship with all of the attributes, it should be noted that ‘dessert apple’ has not been 
included as there was no significant differences. This illustrates the p  value and whether the 
relationship was positive or negative (inverse).
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Table 6.44 Statistical Relationships Between Polyphenols and Taste Attributes
Attribute Phloridzin Phloretin Catechin Epicatechin 5-CQA F.G. Porter’s
Colour
/7-value 0.0001 0.0001 0.0001 0.0001 0.0115 0.0001 0.0001
Trend + + + + + + 4*
Acid
/7-value 0.0010 0.0009 0.0006 0.0006 0.0024 0.0013 0.0071
Trend - - - - - - -
Cider annle 
/7-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Trend + + + + + 4- 4-
Phenolic
/7-value 0.0017 0.0021 0.0058 0.0068 0.1420 0.0012 0.0006
Trend + + + + + + 4*
Bitterness
/7-value 0.0026 0.0023 0.0016 0.0016 0.0040 0.0034 0.0159
Trend + + + + + + 4-
Astringency
/7-value 0.0410 0.0436 0.0632 0.0671 0.2607 0.0370 0.0332
Trend + + + + + + 4-
The parameter ‘acid’ had an inverse relationship with all the polyphenols whereas all other 
attributes had a positive relationship. These results are also presented in the following graphs 
(figures 6.8-6.14) which also include ‘dessert apple’. What may be unclear from the graphs 
is the compound mean which refers to the mean result from the quantification of the 
compound and that the units are pg/ml apart from the Porter’s result which was an 
absorbance measurement at 540 nm. The three points on the figures for each attribute 
represent the three ciders used. For all of the graphs cider 2 has the lowest concentration 
therefore it is the point on the left. Cider 3 has the highest concentration for the majority of 
the polyphenols concluding that it is the point on the right of the graph. However, cider 2 has 
the highest content of condensed tannins (Porter’s) so for figure 6.14 it is represented by the 
points on the extreme right.
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Figure 6.8 Phloridzin Relationship With Taste Attributes
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Figure 6.9 Phloretin Relationship With Taste Attributes
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Figure 6.10 Catechin Relationship With Taste Attributes
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Figure 6.11 Epicatechin Relationship With Taste Attributes
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Figure 6.12 5-CQA Relationship With Taste Attributes
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Figure 6.13 Flavanol Glycosides Relationship With Taste Attributes
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Figure 6.14 Condensed Tannins (Porter’s) Relationship With Taste Attributes
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6.2.3 Discussion
The initial design of this experiment was to use three ciders with high, low and an appropriate 
middle polyphenol composition, which would then be assessed by trained taste panel. From 
the panelhsts chosen it would have been preferable that the same tasters were used for all 
three sessions. However, this was not possible.
The ciders which were supphed did not include a cider which could be classed as having 
medium polyphenol composition. Cider 1 was the cider which was supposed to be rich in 
polyphenols, however after quantification it was apparent that cider 3 had a higher 
concentration for the majority of polyphenols. Cider 1 had the highest content of condensed 
tannins. The experiment then included two ciders which were rich in polyphenols and one low 
in polyphenols. Although the samples were randomised, there may have been insufficient time 
for the tasters palate to return to baseline as two polyphenol rich ciders were given.
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Stimulation from an astringent can lead to prolonged sensations of bitterness and astringency 
(Lee & Lawless, 1991) as can repeated exposure (Lyman & Green, 1990). Taking these 
factors into account this may cause problems for a panel who are have insufficient time 
between samples, for this experiment at least 20 minutes were given. The taster may 
incorrectly perceive a sample to be astringent due to a ‘carrying-over’ effect from a previous 
astringent sample.
From the results of this experiment, linking taste attributes with quantified polyphenols a 
number of correlations were made with the literature. 5-CQA has been reported as an 
astringent (Naish et al, 1993) our results did not prove this statistically (p>=0.2607) but a 
positive relationship was seen. Astringents are often linked with bitterness, Lee & Arnold 
(1978) stated that these two sensations ‘are often regarded as synonymous’. The relationship 
between 5-CQA and bitterness was statistically significant (p=0.0040) and was concluded 
that increasing concentrations of 5-CQA increased the perception of bitterness.
Epicatechin and catechin were both found to positively influence bitterness (p=0.0016 for 
both compounds) and astringency (p<0.0671). Although these compounds may not be 
statistically related to astringency the literature states that these compounds do lead to the 
sensory responses of bitterness and astringency (Kallithraka et al, 1997a, Robichaud & 
Noble, 1990). When using equal concentrations of these two steriosomeric compounds, 
Kallithraka et al (1997a) concluded that epicatechin was significantly more bitter and 
astringent. Condensed tannins have been well documented in their ability to cause the taste 
responses of bitterness and astringency (Lea & Arnold, 1978). From the results from this 
experiment the condensed tannins (Porter’s) were both positively significant for bitterness 
(p=0.0159) and astringency (p=0.0332). Phloridzin, phloretin and the fiavonol glycosides all 
had a positive, significant relationship with bitterness (p<0.0034). Astringency was only 
significant for the fiavonol glycosides.
Polyphenols are not the only contributing factors to astringency. Beverages such as ciders 
and wine also contain; alcohol, organic acids, sugars. Astringency of a beverage is increased
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when the pH is decreased in the presence of acids (Kallithraka et al, 1997b, Kallithraka et al, 
1997c, Lawless et al, 1996). Kallithraka et al, (1997c) and Lawless et al, (1996) both 
concluded that there was no difference for the intensity of astringency for different organic 
acids analysed. Bitterness is not affected by acidity (Kallithraka et al, 1997c). The organic 
acids can also elicit the response of astringency (Sowalsky & Noble, 1998). Sugars present 
in beverages can mask the perception of astringency and bitterness (Lyman & Green, 1990). 
The viscosity of a beverage also affects the taste, as viscosity increases the perception of 
astringency decreases with no effect on bitterness (Smith et al, 1996).
All the compounds were negatively correlated "with ‘acid’ (table 6.44). The polyphenolics all 
had a positive effect for ‘cider apple’, this maybe attributed to cider apples being a rich 
source of phenolic compounds. Although the compounds quantified were phenolic, for 
‘phenolic’ taste all the compounds except for 5-CQA were positively significant with this 
attribute. For the colour of the ciders all the compounds were statistically significant 
(p<0.0115). Although the compounds were positively correlated with ‘colour’ the 
relationship for each compound may not be direct. Phloridzin may not attribute to the colour 
of the cider as it is colourless. The fiavonol glycosides although having a positive affect on 
colour and being a yellow pigment, they may not have contributed to the colour of these 
ciders as they appear in very small concentrations. It is more plausible that the other 
phenolic compounds had an fleet on the ciders colour.
As four of the panellists worked at H.P. Bulmer it was hypothesised that their perception for 
certain taste attributes may be different compared with the external panellists. As the cider 
plant has a very strong smell of cider and the employees working with the product daily it 
was thought these tasters may be more sensitive to certain attributes. For the taste attribute 
‘dessert apple’ the employees scored significantly higher compared with non-employees 
(p=0.0361). Employees had a decreased perception for ‘phenolic’ (p=0.0111). The age of the 
panellists was also investigated, it was concluded that the older the taster the less sensitive 
they are to bitterness (p=0.0055). The more years experience for tasting the more sensitive 
they are to bitterness (p=0.0001).
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6.3 PRP BINDING ASSAY WITH SELECTED CIDERS
Astringency is a response to the reaction of polyphenols complexing with proteins which 
precipitate (Bate-Smith, 1954). The proteins are proline-rich proteins (PRP) which are 
secreted into the parotid saliva into the oral cavity. At the Institute of Food Research, 
Norwich a competition assay for the evaluation of the binding of human parotid salivary 
proteins to dietary phenols and tannins was developed using a peroxidase-labeled tannin 
(HRP-EGC) by J. Bacon and M. Rhodes. During development only single compounds were 
used in the assay, it was of interest to analyse a beverage, such as cider which contains a 
range of polyphenols. Five ciders were chosen which specifically covered the spectrum of 
ciders available for consumption.
6.3.1 Materials and Method
The five ciders used for analysis will be referred to numerically (the numbering is random). 
These five ciders were analysed at the University of Surrey for their polyphenol content using 
RP HPLC and Porter’s reagent (sections 2.1.3 and 2.3.2). Ciders were analysed in duplicate.
For each cider 50 ml was sent to Norwich for analysis. The names of which were removed 
with only the designated number remaining. Analysis at Norwich performed by J. Bacon. 
Cider (50 ml) was evaporated under reduced pressure to approximately 10 ml. 5 ml of assay 
buffer (PBS, pH 8, 0.05% Tween) was added to the cider. The pH of the mixture was 
adjusted to pH 8 with sodium hydroxide and then diluted to 25 ml with assay buffer. It was 
concluded that the stock solution was equivalent to x 2 concentration of the original cider.
The competitive binding assay between the ciders and HRP-EGC (horse radish peroxidase 
labelled with epigallocatechin) to bind with parotid salivary protein was performed as 
described in Bacon & Rhodes (1998). Microtitration plates were coated with parotid saliva 
protein and incubated at 2 °C overnight. All plates were then washed three times with wash 
buffer (20 mM NaH2P04, 150 mM NaCl and 0.05% Tween 20, pH 6.0). Coated wells were
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then loaded with 200 |xl of HRP-EGC (2 jig/ml) in 20 mM NaH2P04, 150 mM NaCl and
0.05% Tween 20, pH 8.0, containing, in sequential columns of wells on the plate, serial 
dilutions of the stock cider (ranging from dilutions up to 500-fold). The plates were 
incubated for 2 hours at 37 °C and then washed five times with wash buffer as described 
above. To each well, 200 pi of a 1:1 mix a solution of commercial peroxidase chromogen 
and a substrate buffer solution was added. Plates were developed at room temperature for 5 
minutes and the reaction was stopped by the addition of 50 pi 2 M H2SO4. Absorbance 
values for the contents of the wells were measured at 450 nm on a microplate reader 
(Dynatech MR5000). The cider dilution required to cause 50 % displacement of the HRP- 
EGC binding to parotid salivary protein in the absence of cider is calculated, and designated 
■ ^ 0.5 •
6.3.2 Results
Polyphenol composition of the five ciders are tabulated below (Table 6.45). The results from 
the 50% displacement of the HRP-EGC binding to parotid salivary protein in the absence of 
each cider ( A q  5 )  show that that the ciders can be ranked for potency in the following order; 
Cider 4>(Cider 5=Cider l)» (C id er 2=Cider 3) (Table 6.46).
Table 6.45 Polyphenol Composition of Ciders Used in Binding Assay
Cider Epicatechin Catechin 
(pg/ml) (pg/ml)
Total
CQA
(pg/ml)
Total
F.G.
(pg/ml)
Phloridzin Phloretin 
(pg/ml) (pg/ml)
Porter’s 
(Abs. 540 nm)
1 12.78 5.48 121.92 0.39 3.35 1.19 0.391
2 3.11 638 40.57 0.19 1.57 0.80 0.104
3 1.96 1.45 7.12 BLD 0.29 0.12 0.048
4 6.28 15.64 173.96 0.68 2.91 1.06 0.368
5 6.29 9.68 63.24 0.39 1.08 0.63 0.184
BLD indicates below limit o f detection which is 0.5 pg/ml. F.G. refers to total flavonol glycoside 
concentration. Total CQA indicates total chlorogenic acids.
136
Chavter 6 Or2anoleDtic Properties o f  Polyphenols
Table 6.46 Cider Displacement of HRP-EGC
Cider Ao.5
1 0.010 
99-fold dilution
2 NA
3 NA
4 0.003 
342-fold dilution
5 0.008 
121-fold dilution
NA refers to 50% displacement not achieved even without dilution of the cider.
6.3.3 Discussion
On the basis of the Porter’s values (representing the condensed tannins), it was anticipated 
that ciders 1 and 4 would be the most potent (requiring the greatest dilution for 50 % 
displacement) with cider 3 being the least potent while ciders 2 and 5 were ranked as 
intermediates. Cider 4 was the most potent, whereas ciders 1 and 5 were ranked in second 
place. Ciders 2 and 3 did not illicit a response.
From the data, it is apparent that all the polyphenols contribute to the displacement of HRP- 
EGC. From results testing the displacement using pure compounds (Bacon & Rhodes, 1998), 
catechin and epicatechin, binding was not achieved. However, these compounds have been 
reported to be astringents (Kallithraka et al, 1997a).
6.4 CONCLUDING COMMENTS
A conclusion which can be drawn from both experiments (6.2 and 6.3) is that all polyphenols 
contribute to the taste of cider. The perception of bitterness and astringency cannot just be 
attributed to the presence of condensed tannins but is also result of the other phenolics 
present.
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Chavter 7 Concludin2 Comments
7.1 GENERAL DISCUSSION
Polyphenols are important compounds for the cider making industry due to their organoleptic 
and possible health properties (Chapter 1). Due to the reduction in availability of cider 
apples, which are a rich source of phenolic compounds, it has become essential for the cider 
makers to utilise what polyphenols are available to them. The primary aim of this research 
was to analyse polyphenols through the cider making process, starting with apples and 
finishing with the products available to the consumer. Research addressed also focused upon 
the organoleptic properties of polyphenols which the consumer would perceive when 
drinking the beverage.
Methods for the determination of polyphenols by extraction, HPLC (RP and SEC) and a 
colorimetric assay specific for the condensed tannins have been developed (Chapter 2). The 
extraction procedure for polyphenols was validated (280 nm had a C.V. of 6.94 % and 320 
had a C.V of 5.03 %).
Using the optimised extraction method a range of cider apples were analysed for polyphenols 
from the peel, flesh, core and seeds. From the literature a number of apple varieties ' / have 
been analysed however little has been published on the phenolic composition of British cider 
apples. Table 7.1 lists the phenolic composition from a number of European dessert apples.
Using Porter’s reagents a novel assay was devised using slices of apples and removing 
samples with a cork borer and treating them with the reagents which detect 
proanthocyanidins (Chapter 3). The condensed tannins were found in a higher concentration 
in the apple peel using this novel assay. Decreasing concentrations of condensed tannins 
were found as the sampling neared the core. However, with cider apples there was a 
continual presence of the condensed tannins. If dessert apples are to be used in the 
production of cider apples then the potential of tannins would be increased if the peel were to 
be extracted. The method that we use to extract the tannins would not be suitable for the 
manufacturers of cider.
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Table 7.1 Phenolic Composition of Apple Fruit
Phenolic Compound Content “ 
Quantitative
Variety/Comments
Cinnamics 
chlorogenic, caffeic 
coumarylquinic, coumaric, 
chlorogenic and coumaryl-quinic 
isomers, ferulic.
Chlorogenic
chlorogenic isomers 
coumarylquinic 
caffeic 
coumaric
93-232, 0- 
208
25.6-136
1.5-228
40-60, 30-60
0.5-14.5 
1-34 
1.9-9.6
1.5-6.2
lab & commercial juice samples.
fruit; Empire, Cortland, Rome, McIntosh, G. Delicious, 
Rhode Island Greening, Classic Delicious.
G. Delicious, Jonathan, McIntosh, Granny Smith, 
flesh, skin; range average during maturation-storage 
includes, G. Delicious, Empire, Rhode Island Greening, 
juice; Granny Smith, Red Delicious McIntosh, Spartan, 
juice; Granny Smith, Red Delicious McIntosh, Spartan 
juice: Granny Smith, Red Delicious McIntosh, Spartan 
juice; Granny Smith, Red Delicious McIntosh, Spartan
catechin/procvanidins 
catechin, epicatechin; 
catechin/epi-catechin-based 
polymers (heptamers) 
catechin
epicatechin
B2
0-18.4
3.0-23.4
10-140, 130- 
670
40-150, 120- 
600
fruit; Empire, Cortland, McIntosh, Rome, G. Delicious,
Rhode Island Greening, Classic Delicious.
fruit; Empire, Cortland, McIntosh, G. Delicious, Rome,
Rhode Island Greening, Classic Delicious.
flesh, skin: range average during maturation-storage
includes, G. Delicious, Empire, Rhode Island Greening.
flesh, skin: range average during maturation-storage
includes, G. Delicious, Empire, Rhode Island Greening.
flavonols
gal, glu, xyl, arab, rha, rut, 
glycosides o f quercetin. 
quercetin rutinoside
total quercetin glycosides (gal, 
glu, zyl, rha, arab)
trace-28.8 
0, 720-1070
fruit; Empire, Cortland, McIntosh, Rome, G. Delicious, 
Rhode Island Greening, Classic Delicious, 
flesh, skin: range average during maturation-storage 
includes, G. Delicious, Empire, Rhode Island Greening.
dihydrochalcones 
phloridzin, phloretin xylglu 
phloridzin
phloretin xylglu 
phloretin xylgal
4.4-18.8
10, 100-150
2.2-18.6 
10-30, 60- 
230
fruit; Empire, Cortland, McIntosh, Rome,G. Delicious, 
Rhode Island Greening, Classic Delicious, 
flesh, skin: range average during maturation-storage 
includes, G. Delicious, Empire, Rhode Island Greening, 
juice; Granny Smith, Red Delicious, McIntosh, Spartan, 
flesh, skin: range average during maturation-storage 
includes, G. Delicious, Empire, Rhode Island Greening
“ Micrograms per milliliter o f juice or micrograms per gram o f fruit. ’’ Dimers (B l, B2, B3, B4), trimers, 
tetramers and other unknown procyanidins (adapted from Spanos & Wrolstad, 1992). !
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Having identified the polyphenolics in the raw material it was of interest to analyse the 
compositional changes during the production of cider (Chapter 4). The flavonol glycosides 
which were only detected in the apple peel mainly remained in the apple pomace, with little 
entering the pressed juice. From the fermentation research it was found that polyphenol 
content was found to decrease as the fermentation proceeded. One explanation for this 
decrease was that the polyphenols were adhering to the metal vats, and this was confirmed by 
using Porter’s reagents on metal suspended in fermenting cider (Chapter 4). This observation 
correlates with a report of strong metal chelating properties of polyphenols (Marmolle, 1999).
During the malo-lactic fermentation an unidentified peak was detected after two weeks of 
fermenting. The concentration of 5-CQA decreased ten fold during the fermentation.
From the range of ciders available to the consumer a number were profiled for their 
polyphenol content (Chapter 5). Many of the ciders analysed in the literature are traditional 
ciders from France and Spain, while little of the polyphenolic composition of British ciders 
has been published.
The sensory study fi*om Chapter 6 was well designed but a number of faults incurred. 
However, a number of interesting observations were made. A statistical relationship was 
found between the polyphenol composition of three ciders and taste attributes which are 
supported by the literature. Condensed tannins were statistically liked with bitterness and 
astringency as reported by Lea & Arnold (1978). 5-CQA was found to have a positive 
relationship with astringency which is thought to be a direct relationship as previously 
reported by Naish et al (1993). Epicatechin and catechin were both found to be strongly 
associated with the taste of bitterness (p=0.0016 for both compounds) and more weakly with 
astringency (p<0.0671). Although these compounds in statistical terms are not related to 
astringency, the literature states that these compounds do lead to the sensory responses of 
bitterness and astringency as in wine (Kallithraka et al, 1997).
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In collaboration with the IFR Norwich, several samples of cider were assessed with this 
binding assay designed to compare astringency of pure substances. It was found that the 
cider with the majority of polyphenols had the highest displacement even though 
displacement is not primarily related to the number of condensed tannins present but the total 
polyphenol composition.
7.2 CONCLUDING COMMENTS
The objectives as stated in Chapter 1 have been achieved. Also, with some new insights 
attained and new questions generated this may provide new instructions for the cider maker 
to modulate the phenolic profiles of the cider and optimise their sensory properties.
7.3 FURTHER WORK
There are a number of aspects from this research which require further work to fully 
understand the significance of polyphenols in apples and their transformations in ciders:
1. Characterisation of the transformation products which appear during the alcoholic and 
malo-lactic fermemtations.
2. More research into the organoleptic properties of polyphenols within cider.
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APPENDIX ONE
The Taste Panellists Scores for Three Ciders
TASTER, SAMPLE, REPLICATE
ATTRIBUTE 1,1,1 1,2,1 1,3,1 2,1,1 2,2,1 2,3,1 3,1,1 3,2,1 3,3,1 4,1,1 4,2,1 4,3,1 5,1,1 5,2,1 5,3,1 6,1,1 6,2,1 6,3,1
CLARITY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COLOUR 51 11 42 56 3 37 49 2 45 58 15 50 94 0 60 76 2 51
CARBONATION 74 50 74 0 43 0 25 83 11 51 62 51 44 48 48 29 4 37
SULPHUR 0 0 0 0 4 0 0 2 25 37 0 0 0 0 4 51 0 40
CIDER APPLE 50 0 23 75 0 49 87 25 60 60 12 50 76 24 77 55 5 57
DESSERT APPLE 27 41 0 0 7 0 0 25 0 0 0 25 0 0 0 0 18 0
ALCOHOLIC 75 25 90 58 32 51 64 75 61 62 76 50 71 71 72 55 70 49
FRUITY 50 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
ESTERY/PEARS 50 61 0 0 0 0 0 0 0 49 0 60 0 17 0 0 40 0
GRAPEAVINEY 50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CARAMEL/MOLASSES 0 0 0 0 0 0 81 0 50 76 0 61 72 20 74 0 0 23
RAISINS/SHERRY 0 0 0 0 0 0 0 0 0 86 0 0 9 0 0 0 0 0
YEASTY 0 0 0 0 0 0 0 0 0 76 49 51 0 0 0 0 0 0
DRAINS/EGGS 0 0 0 0 0 0 0 0 44 0 0 49 0 0 0 53 0 0
VINEGAR 0 0 0 0 0 0 0 0 0 0 0 0 21 0 20 38 0 0
RUBBER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MUSTY/EARTHY 0 0 0 0 0 0 0 0 60 63 0 0 0 0 0 0 0 0
WOODY - smokey 0 0 0 34 0 26 0 0 0 0 24 0 0 0 0 0 0 0
VANILLA/BUTTERSCOTCH 0 9 0 0 2 0 36 82 71 0 0 0 0 0 11 0 0 0
PHENOLIC 0 0 0 75 0 50 0 0 0 64 0 14 14 6 17 37 37 44
CITRUS 0 0 0 0 34 24 0 0 0 0 0 0 0 0 0 0 0 0
CHLORINE/PAINT 0 0 73 0 0 0 0 0 0 0 50 0 0, 27 0 0 0 0
SWEETNESS 36 51 75 7 10 19 25 25 25 62 47 64 17 15 17 43 45 49
ACID 40 59 63 0 50 0 56 49 31 49 37 67 44 54 35 46 16 59
DESSERT APPLE 38 50 24 0 4 0 0 50 25 0 0 50 0 0 0 0 27 0
BITTER 0 0 0 88 82 86 0 0 42 63 49 81 80 79 88 74 71 80
CIDER APPLE 50 9 50 75 0 50 31 25 45 74 23 50 83 21 83 52 25 60
ALCOHOLIC 76 49 75 66 76 50 66 80 0 60 60 61 73 74 78 56 67 55
ESTERY/PEARS 24 66 0 0 50 0 0 0 0 75 50 89 0 0 0 0 24 0
WOODY 0 0 0 49 9 31 0 0 0 0 25 0 0 0 0 0 0 0
GRAPEAVINEY 51 0 0 0 5 0 0 0 0 0 49 0 0 0 0 0 0 0
FRUITY 36 0 0 0 4 0 0 0 0 0 0 0 0 3 0 0 0 0
VINEGAR 0 0 0 0 0 0 0 0 0 50 0 62 33 0 30 43 29 31
CARAMEL/MOLASSES 0 0 0 0 0 0 25 0 50 85 0 75 25 7 33 0 0 0
CHLORINE/PAINT 0 0 50 0 0 0 0 0 0 0 0 0 0 28 0 0 0 0
DRAINS/EGGS 0 0 0 0 0 0 0 0 20 61 0 85 0 0 0 0 0 27
SULPHUR 0 0 0 0 0 0 0 0 29 0 0 0 0 0 0 56 0 62
RAISINS/SHERRY 0 0 0 0 0 0 0 0 0 75 0 0 0 0 0 0 0 0
METALLIC 0 0 0 0 0 0 56 0 21 0 0 0 0 0 0 31 0 0
RUBBER 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BUTTERSCOTCH/VANILLA 0 0 0 0 2 0 0 81 0 0 0 0 0 0 0 0 0 0
MUSTY/EARTHY 0 0 0 0 0 0 29 0 32 74 0 62 0 0 0 51 0 0
PHENOLIC 0 0 0 75 0 56 22 22 0 76 0 35 17 6 21 25 35 66
CITRUS 0 0 25 0 35 15 0 2 0 0 21 0 0 0 0 0 0 0
ASTRINGENCY 16 6 18 74 69 76 8 20 0 63 59 73 59 56 62 80 54 68
BODY 69 24 32 35 49 36 60 69 48 50 50 56 50 49 50 0 15 0
CARBONATION 79 51 77 0 3 0 12 67 8 50 58 50 41 44 39 0 0 0
MOUSE 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0
SWEETNESS 31 36 51 14 25 22 27 25 0 51 39 58 26 31 13 41 52 51
ACIDITY 30 60 55 0 25 0 29 49 0 57 51 60 42 51 34 49 55 54
BITTERNESS 0 15 70 75 0 76 5 0 75 61 76 76 81 75 80 57 74 45
ASTRINGENCY 10 15 12 75 50 74 8 27 0 57 49 62 58 55 67 71 53 63
FRUITY 30 1 0 0 4 0 0 0 0 0 0 0 0 0 0- 0 33 21
OFF AFTERTASTE 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0
METTALLIC AFTERTASTE 0 0 0 0 0 0 78 20 18 0 0 0 0 0 0 25 0 0
TASTER, SAMPLE, REPLICATE
ATTRIBUTE 7,1,1 7,2,1 7,3,1 8,1,1 8,2,1 8,3,1 9,1,1 9,2,1 9,3,1 1,1,2 1,2,2 1,3,2 4,1,2 4,2,2 4,3,2 2,1,2 2,2,2 2,3,2
CLARITY 0 0 0 0 0 0 5 6 4 0 0 0 0 0 0 0 0 0
COLOUR 75 5 53 64 9 50 44 2 40 75 11 50 61 14 51 60 2 46
CARBONATION 46 81 49 12 25 14 38 26 25 50 74 75 52 63 50 50 60 49
SULPHUR 24 25 59 50 34 13 52 69 79 0 0 0 25 0 0 0 24 19
CIDER APPLE 96 1 76 51 26 35 43 23 65 75 50 75 49 13 55 5 0 33
DESSERT APPLE 3 85 5 0 0 59 63 25 53 0 25 0 34 0 0 0 7 0
ALCOHOLIC 50 24 68 50 39 57 63 53 64 75 75 75 52 75 63 47 67 40
FRUITY 8 82 9 0 0 50 53 24 56 0 0 0 0 0 0 3 0 0
ESTERY/PEARS 20 83 24 0 0 0 31 26 68 0 0 0 47 0 74 0 0 0
GRAPE/WINEY 67 0 5 0 0 0 30 46 36 0 25 0 0 0 0 0 0 0
CARAMEL/MOLASSES 18 0 0 0 0 0 33 46 51 0 0 0 50 0 75 4 0 0
RAISINS/SHERRY 0 0 48 0 0 0 31 50 38 75 0 50 81 0 0 0 0 0
YEASTY 0 0 0 0 0 0 44 25 54 0 0 0 49 0 49 0 0 0
DRAINS/EGGS 0 0 0 0 75 0 27 58 56 0 0 0 0 0 85 0 0 0
VINEGAR 0 0 0 0 0 0 53 31 37 0 0 0 0 0 51 0 0 0
RUBBER 0 0 0 0 0 0 33 29 61 63 0 0 0 0 0 0 0 0
MUSTY/EARTHY 0 0 0 0 0 0 35 31 39 0 0 0 49 0 49 0 0 0
WOODY - smokey 0 0 0 0 0 0 26 24 61 50 0 40 0 51 0 0 0 32
VANILLA/BUTTERSCOTCH 0 55 0 0 0 24 26 23 22 0 0 0 25 0 0 0 6 0
PHENOLIC 0 0 0 0 50 0 25 27 49 65 0 51 50 0 25 24 0 56
CITRUS 0 0 0 0 0 25 67 55 54 0 0 0 0 0 0 0 35 0
CHLORINE/PAINT 0 0 0 0 0 26 11 27 14 0 25 50 0 63 0 5 0 0
SWEETNESS 0 25 0 49 51 51 46 30 42 38 39 50 39 48 51 24 25 7
ACID 85 75 52 49 62 62 46 63 53 33 50 25 61 48 49 65 83 0
DESSERT APPLE 0 75 0 50 50 50 68 44 45 13 18 14 0 26 0 0 2 0
BITTER 12 84 23 51 74 74 58 66 40 25 49 26 76 61 63 82 62 88
CIDER APPLE 97 0 86 61 50 50 44 53 58 74 42 75 44 13 62 58 0 74
ALCOHOLIC 75 51 50 59 50 59 65 54 59 57 61 75 51 56 57 74 75 69
ESTERY/PEARS 0 98 9 0 0 0 20 19 49 0 0 0 64 0 89 0 65 0
WOODY 94 0 0 0 0 0 29 29 70 35 0 0 0 49 0 49 0 49
GRAPE/WINEY 0 0 0 0 0 0 34 36 51 0 0 0 0 0 0 0 3 0
FRUITY 0 89 0 0 75 61 55 54 60 0 0 0 0 0 0 0 0 0
VINEGAR 0 0 0 0 25 25 49 38 47 0 75 0 65 0 50 0 0 0
CARAMEL/MOLASSES 0 0 0 0 0 0 26 38 43 0 0 0 0 0 75 0 0 0
CHLORINE/PAINT 0 0 0 0 0 0 29 28 24 0 0 51 0 0 0 0 0 0
DRAINS/EGGS 0 0 0 0 0 0 28 24 26 0 0 0 74 1 0 0 0 0
SULPHUR 0 0 0 0 0 0 60 52 63 0 0 0 0 0 0 0 0 0
RAISINS/SHERRY 45 0 32 0 0 0 35 26 46 0 0 0 76 0 0 0 0 0
METALLIC 0 84 0 0 0 0 51 33 38 0 50 25 0 0 0 0 0 0
RUBBER 0 0 0 0 0 0 27 37 54 74 0 0 0 0 0 0 0 0
BUTTERSCOTCHWANILLA 0 0 0 0 0 0 35 22 41 0 0 0 0 0 0 0 7 0
MUSTY/EARTHY 49 0 0 0 0 0 48 22 34 0 0 0 62 0 50 0 0 0
PHENOLIC 0 0 0 25 24 0 51 30 40 50 0 50 61 0 25 60 0 76
CITRUS 0 0 0 25 76 61 53 59 44 0 0 0 0 24 0 0 31 0
ASTRINGENCY 95 97 51 25 51 51 30 38 37 42 42 50 59 51 58 75 49 74
BODY 83 15 63 63 50 40 38 36 53 60 36 50 55 51 58 38 33 42
CARBONATION 3 92 51 13 25 25 42 29 30 64 71 49 51 62 49 0 9 4
MOUSE 2 0 0 0 0 0 17 9 6 0 0 0 0 0 0 0 0 0
SWEETNESS 0 4 0 51 49 50 38 36 39 25 25 25 36 37 50 25 25 15
ACIDITY 71 12 25 50 59 59 55 60 39 31 37 28 61 49 50 25 65 0
BITTERNESS 10 23 82 24 62 74 46 60 33 24 25 25 77 61 61 62 53 64
ASTRINGENCY 93 6 63 35 50 51 40 36 34 38 37 25 61 49 57 50 37 62
FRUITY 0 12 0 25 52 41 49 41 39 0 0 0 0 0 0 0 0 0
OFF AFTERTASTE 9 0 0 0 0 0 9 18 10 0 0 0 0 0 0 0 0 0
METTALLIC AFTERTASTE 0 60 1 0 0 0 45 27 26 0 44 25 0 0 0 0 0 0
TASTER, SAMPLE, REPLICATE
ATTRIBUTE 10,1,1 10,2, 10,3,1 5,1,2 5,2,2 5,3,2 7,1,2 7,2,2 7,3,2 11,1,1 11,2,1 11,3,1 12,1,1 12,2,1 12,3,1 13,1,1 13,2,1 13,3,1
CLARITY 0 0 0 0 0 0 7 0 0 22 2 22 6 1 1 0 0 0
COLOUR 83 4 63 91 0 55 64 9 56 74 2 50 74 13 53 50 6 41
CARBONATION 25 0 50 28 38 26 73 87 50 4 50 34 35 72 18 13 3 0
SULPHUR 0 0 0 0 2 0 7 24 25 80 77 75 43 44 16 0 0 0
CIDER APPLE 50 24 87 90 9 76 60 4 73 75 0 75 67 29 60 5 23 8
DESSERT APPLE 0 0 0 0 0 0 11 75 25 50 0 49 11 0 7 6 30 10
ALCOHOLIC 75 75 75 76 67 71 52 49 63 75 67 84 70. 36 64 10 30 37
FRUITY 0 0 0 0 0 0 9 50 5 0 0 0 0 0 0 0 0 0
ESTERY/PEARS 0 37 0 0 11 0 9 91 2 0 2 0 20 21 0 10 0 0
GRAPE/WINEY 0 0 0 0 0 0 0 0 0 47 30 0 0 0 0 4 26 0
CARAMEL/MOLASSES 0 0 51 73 15 68 91 0 1 21 0 30 7 0 0 3 0 0
RAISINS/SHERRY 84 0 0 0 0 0 18 0 0 20 0 0 31 0 0 0 0 0
YEASTY 0 0 0 0 0 0 0 0 0 0 0 0 45 21 0 0 0 0
DRAINS/EGGS 0 0 0 0 0 0 0 0 0 0 0 1 0 23 0 0 0 0
VINEGAR 0 0 0 18 0 16 0 0 0 0 15 0 0 0 0 0 0 0
RUBBER 0 0 0 0 0 0 0 0 0 0 52 34 31 0 15 0 0 0
MUSTY/EARTHY 50 0 62 0 0 0 0 0 0 0 0 0 0 12 21 3 0 0
WOODY - smokey 0 0 0 5 0 0 27 0 80 13 0 52 28 0 31 0 0 0
VANILLA/BUTTERSCOTCH 0 0 0 0 0 0 90 0 0 1 0 1 0 0 0 9 0 6
PHENOLIC 0 0 0 30 5 32 0 0 0 67 75 71 20 0 0 50 0 0
CITRUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 0 0
CHLORINE/PAINT 0 75 0 0 38 0 0 0 0 13 75 67 0 0 0 30 0 4
SWEETNESS 25 25 50 13 26 7 52 49 26 14 51 1 11 39 22 42 48 40
ACID 60 42 0 36 55 49 71 75 62 74 24 21 54 46 44 56 72 83
DESSERT APPLE 0 0 0 0 0 0 11 76 4 50 75 44 9 27 4 25 49 21
BITTER 60 0 50 78 75 85 22 86 85 75 14 55 28 21 30 25 51 26
CIDER APPLE 50 25 75 80 10 84 85 5 75 50 32 76 71 6 68 26 32 24
ALCOHOLIC 63 75 75 76 69 81 31 27 50 78 62 87 73 59 55 31 42 31
ESTERY/PEARS 0 0 0 0 0 0 0 3 3 5 22 7 19 23 17 29 0 0
WOODY 0 0 0 0 0 0 11 0 0 0 0 55 19 0 37 5 0 7
GRAPE/WINEY 0 0 0 0 0 0 0 0 0 29 74 65 0 9 0 0 19 0
FRUITY 0 0 0 0 0 0 87 19 0 22 75 31 0 0 0 0 0 0
VINEGAR 62 0 0 19 0 18 0 0 0 17 0 0 20 0 22 0 0 16
CARAMEL/MOLASSES 0 0 0 71 24 53 12 0 0 6 0 15 0 0 21 9 0 5
CHLORINE/PAINT 0 75 0 0 40 0 0 0 0 77 0 5 0 0 0 23 0 25
DRAINS/EGGS 0 0 0 0 0 0 0 0 0 0 0 31 0 0 0 0 0 2
SULPHUR 0 0 0 0 0 0 0 0 0 98 53 82 17 15 0 0 0 0
RAISINS/SHERRY 75 0 0 0 0 0 0 0 0 69 0 65 20 0 21 0 0 0
METALLIC 0 0 0 0 0 0 0 88 1 15 76 0 66 29 0 0 0 0
RUBBER 0 0 0 0 0 0 0 86 0 16 25 31 0 0 0 0 0 4
BUTTERSCOTCH/VANILLA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 ■ 0 7
MUSTY/EARTHY 49 0 50 0 0 0 14 0 0 59 0 76 31 2 23 4 0 5
PHENOLIC 0 0 0 36 0 38 0 0 0 83 56 89 0 0 0 0 0 0
CITRUS 0 0 0 0 0 0 0 0 0 0 32 0 34 1 2 0 0 0
ASTRINGENCY 64 50 50 54 56 64 83 81 69 65 78 50 58 53 29 49 33 53
BODY 51 50 50 49 46 49 33 58 43 90 4 75 46 21 48 61 48 64
CARBONATION 0 0 0 28 33 35 70 69 70 9 50 5 54 65 4 3 8 0
MOUSE 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3
SWEETNESS 25 25 24 23 27 13 57 25 7 23 43 9 11 31 12 81 49 56
ACIDITY 50 50 0 35 49 34 35 70 69 50 24 25 54 44 37 52 52 72
BITTERNESS 62 0 50 85 74 83 30 40 40 24 11 65 37 19 27 10 26 35
ASTRINGENCY 75 51 62 64 56 67 45 68 71 62 0 50 53 38 54 13 27 31
FRUITY 25 2 50 0 0 0 77 23 14 0 17 25 0 2 0 0 0 0
OFF AFTERTASTE 0 0 0 0 0 0 23 0 0 0 0 0 0 0 0 9 0 9
METTALLIC AFTERTASTE 76 75 0 0 0 0 0 28 0 0 0 0 10 15 20 0 0 4
TASTER, SAMPLE, REPLICATE
ATTRIBUTE 9,1,2 9,2,2 9,3,2 14,1,1 14,2,1 14,3,1 15,1,1 15,2,1 15,3,1 16,1,1 16,2,1 16,3,1 6,1,2 6,2,2 6,3,2 1,1,3 1,2,3 1,3,3
CLARITY 4 3 9 0 0 0 0 0 0 4 3 4 0 9 0 0 0 0
COLOUR 49 11 36 75 3 50 84 12 51 70 8 51 74 4 55 74 14 50
CARBONATION 27 9 12 2 3 0 20 36 12 49 39 48 12 0 0 75 59 34
SULPHUR 70 76 66 0 50 59 16 16 12 16 25 13 49 28 36 0 0 0
CIDER APPLE 61 51 52 24 50 56 62 46 64 74 51 46 41 25 38 59 24 41
DESSERT APPLE 43 41 45 51 24 9 27 25 25 42 51 51 0 0 0 0 51 0
ALCOHOLIC 57 72 65 50 50 50 60 51 64 44 76 51 49 73 64 64 52 50
FRUITY 44 43 46 0 0 0 40 44 51 48 49 51 0 0 0 0 0 0
ESTERY/PEARS 54 14 64 0 25 0 27 24 25 11 41 44 0 44 0 0 0 0
GRAPE/WINEY 33 24 20 25 0 0 26 39 35 16 27 5 0 0 0 0 0 0
CARAMEL/MOLASSES 19 49 27 0 9 5 75 0 64 27 3 48 0 0 0 0 0 0
RAISINS/SHERRY 22 48 23 0 0 0 52 0 50 33 8 5 0 0 0 15 0 0
YEASTY 62 30 48 0 0 0 0 0 0 6 6 10 0 0 0 0 0 0
DRAINS/EGGS 26 23 37 0 10 0 0 0 0 7 10 14 0 0 30 0 0 0
VINEGAR 89 51 23 0 0 0 0 0 0 5 7 13 26 0 0 0 0 50
RUBBER 21 22 23 0 0 12 25 0 25 10 9 13 0 0 0 0 0 0
MUSTY/EARTHY 60 23 46 0 0 0 51 32 50 25 9 13 26 0 0 74 0 0
WOODY - smokey 82 40 79 0 0 0 47 26 42 28 11 13 0 0 0 0 0 0
VANILLA/BUTTERSCOTCH 27 42 35 0 0 0 0 26 0 3 13 17 0 0 0 0 0 0
PHENOLIC 28 17 24 0 25 25 0 0 0 25 9 8 46 47 69 50 0 40
CITRUS 61 60 52 0 0 0 0 0 0 6 10 10 0 0 0 0 0 1
CHLORINE/PAINT 7 15 8 0 37 0 26 0 0 31 29 12 0 0 0 0 0 0 '
SWEETNESS 47 33 32 50 51 42 40 42 35 24 26 35 34 59 52 25 24 24
ACID 62 63 39 50 62 50 38 38 42 46 76 27 53 22 30 46 62 43
DESSERT APPLE 52 40 43 9 0 0 26 25 25 50 24 50 0 0 0 13 25 0
BITTER 44 73 31 25 25 51 72 71 72 67 50 40 82 76 84 25 0 16
CIDER APPLE 57 62 56 24 51 50 59 51 59 69 26 49 49 33 73 76 50 50
ALCOHOLIC 48 60 70 68 57 51 55 57 61 42 61 37 57 71 71 62 51 50
ESTERY/PEARS 13 11 50 0 0 0 24 26 25 4 25 8 0 30 0 0 0 0
WOODY 34 11 66 0 0 0 41 35 41 26 37 10 0 0 0 0 0 24
GRAPE/WINEY 23 16 33 0 0 0 38 39 36 7 7 13 0 0 0 0 0 0
FRUITY 41 53 48 0 0 0 38 42 26 23 24 37 0 0 0 0 0 0
VINEGAR 33 46 36 1 0 9 0 0 0 9 51 11 49 30 53 0 26 25
CARAMEL/MOLASSES 21 25 37 0 0 0 65 0 75 8 15 11 28 0 0 0 0 2
CHLORINE/PAINT 33 18 32 0 0 0 26 25 25 49 26 10 0 0 0 0 0 25
DRAINS/EGGS 23 20 26 0 0 0 0 0 0 11 9 10 0 0 28 0 0 0
SULPHUR 48 69 69 0 0 0 42 50 50 10 26 15 52 44 50 0 0 0
RAISINS/SHERRY 27 29 20 0 0 0 25 0 37 34 6 13 0 0 0 0 0 0
METALLIC 23 31 43 0 0 0 35 26 36 48 49 11 29 0 27 0 0 0
RUBBER 29 37 18 0 0 0 25 0 26 13 8 15 0 0 0 50 0 49
BUTTERSCOTCH/VANILLA 33 33 37 0 0 0 0 0 0 7 11 16 0 0 0 0 0 0
MUSTY/EARTHY 28 17 58 0 0 0 51 25 52 13 18 11 0 0 0 49 0 0
PHENOLIC 23 25 20 50 0 25 0 0 0 29 26 10 46 43 56 50 0 24
CITRUS 47 55 37 0 24 0 0 0 0 4 26 11 0 0 0 0 0 0
ASTRINGENCY 36 17 25 50 50 49 64 64 67 71 49 27 67 36 73 63 50 33
BODY 32 26 34 24 25 25 42 51 38 58 40 24 0 19 0 58 25 24
CARBONATION 32 19 40 0 0 0 25 52 14 49 51 24 0 0 0 37 51 25
MOUSE 4 14 4 0 0 0 0 0 26 9 9 6 0 0 0 0 0 0
SWEETNESS 38 41 37 44 44 33 41 33 35 25 25 24 51 60 45 18 24 25
ACIDITY 53 64 58 56 61 50 37 40 42 53 54 26 66 23 50 43 51 50
BITTERNESS 46 71 48 24 50 51 65 71 72 64 42 29 54 20 62 24 0 0
ASTRINGENCY 23 42 26 50 50 51 65 63 58 62 49 39 69 51 76 44 25 33
FRUITY 49 36 39 0 0 0 43 42 26 46 25 39 20 23 0 0 0 0
OFF AFTERTASTE 10 10 7 0 0 0 51 0 63 29 11 13 0 0 0 0 0 0
METTALLIC AFTERTASTE 34 38 19 0 0 0 25 26 25 49 28 17 24 0 29 0 0 0
TASTER, SAMPLE, REPLICATE
ATTRIBUTE 3,1.2 3,2,2 3,3,2 5,1,3 5,2,3 5,3,3 16,1,2 16,2,2 16,3,2 17,1,1 17,2,1 17,3,1 11,1,2 11,2,2 11,3,2 18,1,1 18,2,1 18,3,1
CLARITY 0 0 0 0 0 0 10 3 2 0 0 0 12 2 17 0 0 0
COLOUR 50 0 38 84 2 52 72 9 53 76 7 60 76 1 50 72 0 47
CARBONATION 4 24 35 46 48 26 43 50 49 24 60 56 50 69 33 25 25 58
SULPHUR 0 0 4 0 0 0 12 8 11 0 0 4 76 72 50 0 0 0
CIDER APPLE 51 68 75 88 16 74 40 23 58 60 15 75 82 40 15 75 0 92
DESSERT APPLE 0 0 0 0 0 0 54 33 37 18 17 25 29 32 15 25 85 0
ALCOHOLIC 50 66 75 76 75 74 40 62 53 48 63 40 84 32 54 75 39 60
FRUITY 0 0 0 0 0 0 39 51 51 5 31 16 37 12 0 75 69 0
ESTERY/PEARS 0 0 0 0 30 0 28 44 13 7 53 14 0 29 0 0 0 25
GRAPE/WINEY 0 0 0 0 0 0 8 23 35 0 13 20 2 0 0 0 0 0
CARAMEL/MOLASSES 54 0 0 74 17 73 24 16 23 0 0 0 31 0 0 0 25 0
RAISINS/SHERRY 0 0 0 17 0 0 47 32 27 8 0 0 42 0 0 0 0 0
YEASTY 0 0 2 0 0 0 12 18 23 0 0 0 0 1 0 0 0 0
DRAINS/EGGS 0 0 0 0 0 0 40 12 9 0 0 0 0 0 0 0 0 0
VINEGAR 0 0 3 0 0 14 7 16 26 0 0 0 1 0 1 0 0 0
RUBBER 0 0 0 0 0 0 32 18 10 0 0 0 0 27 33 0 0 0
MUSTY/EARTHY 4 4 0 0 0 0 27 22 31 7 0 0 35 0 16 0 0 0
WOODY - smokey 0 0 0 0 0 0 28 24 30 0 0 0 0 0 53 0 0 0
VANILLA/BUTTERSCOTCH 0 60 0 0 0 0 7 31 9 0 0 0 0 0 0 0 0 0
PHENOLIC 0 0 0 34 0 37 11 15 38 4 0 14 50 0 21 0 0 0
CITRUS 22 0 3 0 0 0 11 14 13 4 8 9 0 0 0 0 0 0
CHLORINE/PAINT 0 0 3 0 31 0 11 29 23 0 0 0 0 22 0 0 0 0
SWEETNESS 25 25 24 11 27 14 24 23 27 16 25 50 33 1 53 36 34 57
ACID 77 75 68 29 51 44 52 54 58 0 71 5 25 51 24 36 75 0
DESSERT APPLE 51 0 0 0 0 0 50 23 34 17 25 13 32 35 60 30 50 0
BITTER 0 0 0 80 60 85 64 56 47 22 0 12 17 75 25 26 56 75
CIDER APPLE 50 50 73 77 22 85 38 43 56 76 14 55 64 62 71 75 0 79
ALCOHOLIC 51 64 51 73 67 77 52 56 54 49 52 49 77 50 77 81 52 61
ESTERY/PEARS 0 0 0 0 9 0 17 21 14 13 68 12 0 5 0 0 0 0
WOODY 0 0 0 0 0 0 38 19 16 49 0 0 0 0 0 8 0 14
GRAPE/WINEY 2 0 0 0 0 0 13 14 24 7 9 0 58 30 25 0 51 0
FRUITY 0 0 0 0 5 0 32 33 51 9 20 8 0 25 0 0 57 0
VINEGAR 0 0 1 13 0 13 8 18 22 0 0 0 0 0 0 0 0 0
CARAMEL/MOLASSES 46 0 0 71 0 70 10 23 15 0 0 0 1 0 0 0 0 0
CHLORINE/PAINT 0 0 0 0 18 0 34 20 22 0 0 0 0 11 59 0 0 0
DRAINS/EGGS 0 0 0 0 0 0 14 13 14 0 0 0 0 0 0 0 0 65
SULPHUR 0 0 0 0 0 0 20 20 12 0 0 0 77 63 82 0 0 0
RAISINS/SHERRY 0 0 0 0 0 0 24 29 29 9 0 0 22 0 1 0 0 0
METALLIC 44 4 2 0 0 0 51 27 52 0 0 0 0 25 2 0 0 16
RUBBER 0 0 0 0 0 0 14 6 12 0 0 0 12 0 57 0 0 0
BUTTERSCOTCH/VANILLA 0 0 0 0 0 0 19 18 14 0 0 0 0 0 0 0 0 0
MUSTY/EARTHY 0 0 0 0 0 0 15 22 12 5 0 14 56 0 86 0 0 26
PHENOLIC 0 0 0 31 0 47 17 20 40 17 0 9 20 60 84 0 0 0
CITRUS 4 41 48 0 4 0 19 17 25 5 5 9 0 0 0 8 72 0
ASTRINGENCY 52 37 50 60 58 60 48 51 56 64 49 49 51 67 89 25 11 25
BODY 36 51 24 47 30 46 44 51 52 51 32 50 73 33 73 47 50 25
CARBONATION 20 18 8 32 31 28 47 45 49 21 52 35 26 75 19 11 50 24
MOUSE 0 0 0 0 0 0 11 14 11 0 0 0 0 0 0 0 0 13
SWEETNESS 26 25 25 22 24 24 22 22 24 25 35 35 20 26 25 46 36 44
ACIDITY 76 77 72 30 49 41 49 53 57 38 62 38 24 23 51 25 43 38
BITTERNESS 0 0 0 80 77 80 50 50 52 7 0 5 58 25 55 50 9 87
ASTRINGENCY 45 55 51 56 64 62 , 51 49 53 71 53 50 75 67 63 25 25 51
FRUITY 0 0 0 0 0 0 40 35 45 9 14 6 40 0 25 50 36 0
OFF AFTERTASTE 0 0 0 0 0 0 30 13 13 0 0 0 0 0 0 0 0 51
METTALLIC AFTERTASTE 26 5 43 0 0 0 43 38 35 0 0 0 0 4 0 0 0 36
TASTER, SAMPLE,REPLICATE
ATTRIBUTE 2,1,3 2,2,3 2,3,3 9,1,3 9,2,3 9,3,3
CLARITY 0 0 0 13 8 3
COLOUR 58 3 45 49 7 39
CARBONATION 41 10 4 49 16 33
SULPHUR 0 25 0 70 68 76
CIDER APPLE 74 0 62 56 45 63
DESSERT APPLE 0 11 0 54 34 54
ALCOHOLIC 62 60 75 69 57 72
FRUITY 0 2 0 61 45 59
ESTERY/PEARS 0 0 0 24 15 29
GRAPE/WINEY 0 0 0 22 25 29
CARAMEL/MOLASSES 4 0 0 21 27 53
RAISINS/SHERRY 0 0 0 28 29 28
YEASTY 0 0 0 37 29 44
DRAINS/EGGS 0 2 0 27 30 74
VINEGAR 0 0 0 29 55 36
RUBBER 0 0 0 23 32 29
MUSTY/EARTHY 0 0 0 44 30 45
WOODY - smokey 39 0 36 38 19 70
VANILLA/BUTTERSCOTCH 0 0 0 29 20 27
PHENOLIC 64 0 82 26 42 21
CITRUS 0 33 0 48 52 41
CHLORINE/PAINT 0 0 0 16 16 13
SWEETNESS 10 14 9 36 38 40
ACID 50 74 5 46 65 71
DESSERT APPLE 0 4 0 44 45 52
BITTER 82 35 88 35 21 50
CIDER APPLE 75 0 75 55 44 58
ALCOHOLIC 75 66 75 49 45 61
ESTERY/PEARS 0 0 0 12 10 18
WOODY 42 9 37 44 27 69
GRAPE/WINEY 0 7 0 18 45 24
FRUITY 0 8 0 52 46 37
VINEGAR 0 0 3 23 33 26
CARAMEL/MOLASSES 3 0 0 31 53 34
CHLORINE/PAINT 0 0 0 24 21 23
DRAINS/EGGS 0 0 0 21 16 45
SULPHUR 0 0 0 51 25 71
RAISINS/SHERRY 0 0 0 29 17 19
METALLIC 0 0 0 20 21 29
RUBBER 0 0 0 23 20 21
BUTTERSCOTCH/VANILLA 0 0 0 34 18 26
MUSTY/EARTHY 0 0 0 11 13 38
PHENOLIC 76 0 81 47 17 13
CITRUS 0 50 0 23 62 59
ASTRINGENCY 76 5 80 33 44 41
BODY 42 26 51 24 27 31
CARBONATION 6 0 0 39 34 29
MOUSE 0 0 0 22 20 17
SWEETNESS 10 25 8 36 42 31
ACIDITY 24 69 7 44 27 62
BITTERNESS 74 9 80 39 21 44
ASTRINGENCY 61 11 69 31 46 43
FRUITY 0 3 4 60 41 65
OFF AFTERTASTE 0 0 0 5 19 11
METTALLIC AFTERTASTE 0 0 0 28 25 19
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Procyanidins are linked with the taste sensations of astringency and bitterness (Lea and 
Arnold, 1978) which are the characteristics associated with the flavour of cider. Since there 
are fewer tannin-rich cider apples available compared with dessert apples, it is important to 
maximise the use of those tannins present within the apples available to cider manufacturers 
in order to produce a full bodied beverage. A simple procedure has been developed to 
estimate not only the relative content of procyanidins in apples but also the relative 
distribution of procyanidins in the various tissues.
Profiling of the apples requires vertical sections (5 mm thick) to be taken through the 
centre of the fruit. At 3 mm intervals across a section, a cork borer is used to remove 
cylindrical samples of apple from one side of the peel, through the core, to the other side, with 
the seeds removed. Each core of sample is treated with Porter’s reagents, 0.2 ml of 2 % ferric 
ammonium sulphate in 2m HCl and 6 ml of butanol:concentrated HCl (95:5). The samples 
were mixed and heated for 40 minutes at 95 °C and the intensity of the red pigment measured 
at 540 nm (Porter, 1986).
After analysing the data collected from a range of dessert and cider apples a distinct 
difference was noted. The cider apples had a higher concentration of procyanidins compared
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with dessert apples. Data from a cider and dessert apple are presented below (fig.l). A 
general trend is apparent for both types of apple with the highest concentration of 
procyanidins found in the peel and the lowest in the core. It was found that with cider apples, 
although the concentrations of procyanidins were highest in the peel there was a continual 
presence of the tannins through out the various tissues of the apple.
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Figure 1 Comparison of a dessert and cider apple.
As mentioned previously there is a shortage of cider apples, therefore, if cider makers 
want bitter and astringent tasting ciders then they must utilise the procyanidins available in the 
peel of apples.
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Industrial cider makers produce a variety of ciders to suit a diverse range of consumer 
taste requirements spanning from dry and astringent to sweet. At one end of the cider scale 
are the strong white ciders which are relatively cheap to produce, low in tannins and generally 
high in alcohol. At the other end of the scale are the more traditional ciders which are made 
from cider apples and have a tendency to be dry and astringent due to the tannin content of the 
apples used. It was therefore of interest to analyse a range of ciders for their tannin and 
polyphenol content and attempt to link the results with astringency assessed by taste panel.
Commercial ciders were examined by high performance liquid chromatography 
(HPLC). Separated peaks were characterised by their UV-vis spectral properties, assigned to 
a particular class of phenols and quantified using an appropriate standard, e.g. phloridzin, (-)- 
epicatechin, (+)-catechin, 5-caffeoylquinic acid (5-CQA) or quercetin-3-rutinoside (rutin). A 
colorimetric assay devised by Porter (1986) was used to detect and quantify 
proanthocyanidins. 1 ml of cider was added to 0.2 ml of 2 % ferric ammonium sulphate in 2m 
HCl and 6 ml of butanohconcentrated HCl (95:5). The samples were mixed and heated for 40 
minutes at 95 °C and the intensity of the red pigment measured at 540 nm.
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A  number of ciders (20) have been analysed and some of the data are tabulated below. 
The ciders are referred to by numbers to maintain confidentiality. Ciders 1 and 2 are 
traditional ciders made from the tannin-rich cider apples and this is reflected in their 
astringent and bitter tastes. The Porter’s value of 1-93 for cider 1 shows that there is a 
particularly high concentration of procyanidins. Ciders 5 and 6 are described as white ciders 
and very small amounts of phenols and tannins present; rutin was not detectable in either. 
Ciders 3 and 4 are intermediate in character between traditional and white ciders. Cider 3 (dry 
tasting) has a lower content of phloridzin but otherwise is richer in each component quantified 
when compared with cider 4 (sweet tasting). Variations in the phloridzin content imply 
variations in contact with and or content of seeds since the seed are the main source of this 
constituent in both culinary and cider varieties.
Table 1 Quantification of some compounds in cider.
Cider
Porter’s 
(Abs 540 nm)
5-CQA
(|Lig/ml)
Phloridzin
(^g/ml)
Catechin
(^g/ml)
Rutin
(jig/ml)
1 1 93 477-24 14-04 34-20 0-40
2 080 344-62 8-68 10-96 0-36
3 038 120-59 0-84 9-20 0-18
4 0-28 67-06 1-84 5-11 0-15
5 0.15 29-67 0-42 4-56 BLD
6 0*09 11-69 0-24 2-44 BLD
BLD - Below limit o f detection.
Clear differences can be seen by comparison of just these six ciders not only in their 
taste but their tannin and polyphenol content. Differences in the tannin and polyphenol 
content may be due to the different apples used to make the cider and the way in which the 
juice is extracted, blended and fermented.
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